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Abstract of JP7064789 
PURPOSETo provide a general purpose 
parallel processing processor which can easily 
be controlled. CONSTITUTION:Each of the 
plural processing units of the processor includes 
computing elements 380, 382 and 384, 
selectors 360 to 370 for giving the high/low 
order bits of input data buses 216 and 224 from 
another unit to these computing elements and a 
cross bar switch 392 for outputting the outputs 
of the computing elements 380, 382 and 384 to 
optional one of data buses 21 0 and 220 to 
another unit. The connection of respective 
selectors is previously set so as to execute 
various arithmetic operation. On the other hand, 
data switching between with another processing 
unit by way of the data bus realizes various 
arithmetic operation as the whole processor. 
The constitution of each processing unit is the 
same, easily laid out and can be controlled by 
interchangeble control instruction. 
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(57) [Sift] 

[gift] fiSifU-«nTtg&. fRfflW^'MST'n-t-y 

hcO&*fi, ?S?|£3y3 80, 382, 3 8 4 L itOJ. 
-7 h^'bOA^f-?/** 2 1 6, 2 2 4 <r)±iiLn M . 

■tl^? 3 6 0 - 3 7 0 t, »#»3 8 0, 3 8 2,3 

8 4 cOtbt/^fl&WJ-- 7 h'sJ)?-5"U2 1 0, 22 
0 OttSOfe^UtBtJi"*^*©^ DX/^-X-f -vf 3 

9 2 t *-tv^? (nW^^^^-fi, ;ti: 
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[lit** 1 1 ZKx'iiW&AmXtS*^ U 5-x.hti 

i, r- 9 cow* izm^mn-tn* c xm%* taij-t Z> tz 

Wit, 

Ujg«$*ifctU27fc**U lWfEiSI^&coffi;£jco&* 

ft corner - ? A^am^g: t > 

fiieffitscii a u i <o mmvmsim * mm.? %> 

9'<* t^i.h7-9<r)&hiWMti>tz^<n 

-V ho 

^fgLT2 n If 7 hW^fcttM^ji-aSsgSli:. 
^^2o©n tf-y MgcOA#£#U 4x- 2 o 
<0f-^»Unt'7 hiifco*£*£*£t.?> 2 oco 
inff^i: £^ti\ 19** 1 (::!E$ScW30iMg<O£*'->< 7 >7' 
n-t y -> y ho 

[if** 3] *JI2m^om^Ifi]A*-f'-^''<Xi3j:0 ; - 
frfSfflifc^^lCliii^r-^^^^^^^S nlf y MPS 

flJEA^j-f- ? /^s«#si±^ litrfe&lMicoiajs^S: 

[6] A^J -r* - £ 5> L X5-Z. hflh7-9 C0±fi i £ 

li TflC O n e v h £ frf E X1l U 4 x. & ft $ £ # 

litriEmy5frtey^-*^xcol£&co<,>t*^GO 
±f£n tf-y h ifcliTftn t? 7 h i £l±^wm?j 

aofcii>'7)7'n-fc-y->>^*J--'y ho 
[19**4 ] fltJSE2 o<7)jD*ffW-^l± + ^ 

fllE 2 o cDSnUff Oflt^ I* * -V <) - i W I , 
S«bU, TtfTlE*^ U-tBtltflrfE^v-Ay^^iW 
WWtwBfa-t^fctoO^gtr^tr, SS** 2 KjE*£«0£ 
^iJ^ScO^AOT'n-b 7 -> > If 3-— y h o 
[19**5] ffi|EA#f'-?/^xiSiR#-&li, m?E2 
ocoin»f?o l oo4--fc < t 1 o<7)Atlt:-5v>T, mf 



£ !±lt*[l»S? £ # CO th * W >■ - '-t'tL "litill M l-WR L 
T> m$L%frTz!$.-f}$\X-T)7- 9 '<7s$;j?LX5-Lhi\ 
h7-9tfz \tVi.W&& £ * <7) tB O ^-f ii frV>-M 1- 

aE^JMaco^iOoyn-t 7 •> > 7 h o 

[w** 6] m&x-hr- 9 '<xmmm^ ^1122 
lenssco^/TtBiA^f-^^'xco') -tjco^-rtL^i 

li«rC##SW tb* CO ^-f Mr Sr WWJW W !- SIR L 
70 t, i§|R$tuA:^./3(p]A^'r-5'y^^^L-C-g-x^H 

zr-9itz (± tfrlESff S«o tb ^) co v » tii^co -sp ^ tfj 
iEA*^4x.-2)/;too#i£t-i-tf, ii*a2 t-temcojffe 

5FiJ®.3lc07t:i6C07'n-t:7->>^'J2-r.7 h 0 
US** 7] Hfr!EA*T'-^^<Xji^a75 t . fl!E2 
ocoips:#to 1 ocD4>& <ttl o<0A^JUo^T, m 
fa Xtjr- 9 n %<r>\,^-fi\fr ioi 

7^ ii Kip»f? £ # co th # 4 ?t (*mrf s^^sco tb * co - » 

^■f- ? LT4x. <b tL^> f - * co-Slii fj(i8g 

ft^«rfllriEAtl^4x*^*0¥S*-g-tr, 89**2 C 
fE^aE^aco^ftcoT'n-t: 7 ->>^\a^7 h 0 
[IS** 8 ] Bir^colf SSr^ftEtet-S t*OWEffl# 

t locoA^Uov^r, ^IEm®:co#^|ftjAtJT'-J'^' 
z<oi t,6ov»-fn*' i oj ^lifriE^ib^fflKtM^co 
&ii<o^M^m\\mm-mRLx, min § n ^*^r 

fa XtJ 7- 9 ^ X & fi- L T -9- x 15 tl S 7- 9 i tz iitfrfe 
iO lEttf-ScoffiSO^rft^co-gp^frlEAylU^-x.*^ 
*co^g^#tf, Hf**2 UfE»c03£?ij5!iac0^<6C0 7 - 
n-fc 7 v /^'i - 7 ho 

US**9] n1@C0-/n-b 7 •>> 7 h t > 

K 7 , n-b7 y>yj.--y h t ^SyTr&H-R^l- 

flttlEnl±4<7)-^^*T-S)0, 
40 . §flie-/D-b y x>^^--7 hli. 

mfc^mmift* ^xfa&i ztz&<r>w$ki®r>m 
»i co^ifijf-^y^t, frie^2<7)f.^"ifi]7 : '-^^' 

xcoo t,co|g7°n-t: 7 •>> yj-- 7 KfOA^f-^' 

t)> 1 o * nTiSU W W Lt, ®W £ it £ fa f- 9 
50 /*ZijrLX5-x.btlZ>7- 9<D— SB^fltrSEA^tc-if-x 
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z>tzsb<n Kin -r- 9 ' < x ilK^-S fc . 

tiYn^ -y •> > yjx'^. 7 1- ^cd&jj t tt&mm® i w 

m^(S] f-^ai, b5IE» 2 wm^lS] ?- 9^7.<nn 
*> Ofg7'n -fc 7 •> > 7 M> <b co tfcS3tJ f - 9 > <X fc 

k»« $ ft Hi* fc «: # u *riaa*#a ^ m^j o# 

tr, iik?iMS7*n-fcy-t 0 
[lt>RjJ10] ffiffi'/n-fcy h fcRSk 

co , & * 7b f — get; 2 o <7) -f - ? £ ffi* nTfil & -r - ? liUS 

mifir-*- * IB1f.^l§:co&* fc , SfrfBT'D-t: 7 ■> >• 

7 Ko^* fc Z&mirZ>tz&<r>m%r<r)mihr-9^zi3 
J; 0 f 1£&c0#&7'- f« fc £ £ ib ^V*, 
&ifrgB7'n-fcy i/>^^-7 Hl&v^T, 

mieA^r'- ust^vn-t 7 •> >. 
yj. ^ 7 h b <o K1: fc & & Sfria^ 1 cojw ft t'- * > < 
xfc, flriB&2<oi&;£fi7'-?Axco-j *,<nf&-fu-tv 
■ y > 7 b ^<r>\-fi r- ^at, firfBtai&coMtti 

* r fc uufrfBUS 1 J3 i t>*» 2 co^-^ipj f-'- ^ / <x fc mrse 

fftB-f- ? ' S 'X t<Oi *>co^-f'ft/^ 1 04 PlffilUfll^Cil 

otti^«Sc?ftfcAtifc, m&i-z-fvtv ->>y-*j- 

- 7 h --co ffi 7J fc & -5. frl£^ lJ)TOf-^«i, 
ffifBSS 2 coi£/j fi-r'- ? AXco t *> co|£ -fa -ty^y-r 
b^t>coffi^r'-y^'Xt, fiJIESiif'- ? ax 
tUSlSit^tttL, miBfifg^j£cotB*co& 
* 4, itfjfB^-^Axco^-fft^uaj^-f &fc£>co^|£ 

[»*« 1 1 1 IHiBT'n-t 7 •> > {Tzl=. 7 h fc H» 
co, 2 ocof- ? *ai* Drtg^r-*- *IBH 

#&fc, 

miBr- ?IEffi¥IS:co&* fc> #rlE-/n-t 7 ■> 
y h <o& * fc itefitt Z>tztb coiS&cofftti f - ? a x i$ 
«t ^fcco^f--- ? AX fc & $ <b iC-f 
frIBlSifcW -/n -t 7 -> > ^i- 7 H±, 4 

^i!j$ftTiJl9 , 

fltr!B1SI5c<7) yn -t 7 -> > ^ 7 h fc tfflBfflltO -f- 9 
8Btl¥Sfcl± 1 CitS#lt^fttio^, 
&frfE7'n-t: 7 -> 7 HCisv^r, 
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7 hrt'ibOAftfcfc&llfffBSn com^ifiiT-'-^^f 

X t , flfE*2 flffflf" ? AX CO -7 *>C0fg-7*D-L'7 
•> > 7 b ---co X'Jl f-J'/fxi:, fIBE-fSiccolfcai 

r- ?/^'XC0 9 1?t%~fu-b 7 •> > "-' h^'aift-^ 
7'^-7°c0-7*n-t 7 •> > 7"^-- 7 h fc Wftftlt bixtzf 

- 9 Eit^a* 4 <b coisffi r - ^-z fc d$& s ft , «rta 

Mf? 7'- 9 > IX fc fl filfS* -r'- ^ ^'X fc CO 7 *, CO V >-f 
ft 1 o * nfjij » Wt;a« L X . $ ft fc f - ^ A X 
16 ijfLX^i.bfih7'-9 co-SP 4- HtrfBAtl i:4x.^fc 
*co-f-S^^A^ 

co m^J £ ft fc A7J fc , PS t * n -t 7 -> > sr * 

^7 h-xcoaJ7jfc^-i>flfB»l CO#/3(ftl-7-*-^AXt, 
fliriB^ 2 co'*^|plf'- ? /<x co 0 *, cofg7'n -t 7 •> > 7* 
i^7 h^ibcotH^f-'-^AXfc, fljrg£*jif- ^ /<X 
(0-r^-tfcU^SftfctB-/jfc*WL. fltlfBi^f-^co 
ai^co^--* 4% itrfBT-'-^^'xcov^-f ft^i;ffi^t-2>fc 

toco^St^-tf , IS^Jl 9 (-fE^co'^iJSiiSx'n-L' 7 

[MM1 2] 41c07"n-t7 ->>7'J.^.7 h fc, 
K f) & o 7"n-fc 7 -> >' 7 h 5r^/:-|fi]i:R^i: 
H*K»IW-t-4fc*!>n 4*081 cO*/j|6]r'-?/vX 
fc, 

1 oi$v>Tl?f ^ T'n-t 7 -> yf3-=- 7 h 5rK"^|6lU 
IfSt-T^fc^co, 4*co82<Oip.y7|p]-r-7/\'Xfc^-ir 

•&Hfrffi-x*D -t 7 •> > 7* -3-- 7 1- i±, 

n tf 7 hc0 2oc0A^^ ; frL, 9 <r> 

30 mi-mUZtrKoX 2 n try billcOI&^tthTJ'r&fcit) 

#^ntfy hc0 2o<OA7j : S:^L, $z.bixh 
7- 9 omzm&Z'nb-oX n t'7 !-|gcO|g*$:aJ^-t 

4 fctoco^ 1 js j; 2 coin^S t . 

filE^s 1 cotn^-Sco^-v; -ttitii:Mtm2 otin»^ 

^co + -v 'J - A2j C «Tfti|ffll Wi:4x.it*M a- 'J - UU 

^#^fc, 

^1 co^lfiJr'-^/'fXfc, ffirgE02CO^.73l6]-7'-.^^' 
40 XC00 CONT'D -t 7 -> > y'J-- 7 h'^COA^r'- 9 '< 

x fc c«S!$ft, 'i»Ett»fl<o*jr#aw#x*r t u 

IE^ 1 «t 2 co#^[fi] f- 9 /<X co o -t, co ^-f ft 

*»ioi^riw»w^awLT, aK5ft^**iajf-^ 
^xzfrix$tbiv&7-9<n-mzmm&¥&t 
mitm^tX fc COMIEA^ U4 a. * fc *><o r- 9 > < 

miE^ft^cottiti fcfrIB»n»^acom^ fc izm'mz ft 

fcA^J fc , BStS7'a-t 7 ■> > y*J-- 7 h -^cojilTJ fc 
t£Z>1&%m 1 coip.-/j|6]f- i' AX fc, ^IE.^2 CO^TifS] 
50 f— J'/'n'XCOt 'tjCOggT'n-t 7 X > 7 h 75 • i±i 
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fir-9><zk i-gmzixtz&l) fc l , tfrE*^ 
Sis ± trfljEUn^awta^o^* t » *<he8 i & i v 

ifrg n-j&g & f - ? & * £ frlE A# r - ? ' ^ 
7*fc, 

yD-t-yy/^vH?, frE*»^ J; o-'miesn 
fc, 

1"-<-C<7)Krrd7°n -fc 7 -> > ^ y h OWE* -v U ■— W 
#fllE7'n-t7 ->>^o.-y l^frftltti^f-J'^'^l 

tipm^mnm^hfi^ t -? u&iftET'a-t -y -> > y-j. 

- y h w«rsa**¥a fc . tfrffi* i is ± i^* 2 o*q»* 
bJIEt-'- 9'<*<T> n *>cORfM<7) & <rc (ctfiytJ 
□ t y -> > -y h c7)frgE*»¥S^ f VillffS© 

& s t* n -t -j v > ^ j-- y h pwm&^fx t tz it mn^- 

h fcttJPHC^SOTtt: n f-y ]- S 

tl&i 0 U, itl'sT'n-b-y yyy*i-7 h cOflfrEffiy 1 } 

2 UE«W»fW£o 

^cOtby^co±en kfy h* { , |j)7 , ntr>>^-f 
h -vwaJy^T'*- * ^XCDTfii n kf 7 hCffi^J $ tl%> <fc ^ 
t:, K7"o-tr y y/^i- 7 hOttrfEHl^T*- ?y^3 
f^#IS:UJ;-J»7 : ---i'#5eS4rIS^i-2.Xx7-/^#tf. IS 

1 2 ^leSfeWidfWffio 
[IMt^l 5] ^n-fcryy^-'? hrfctivfll 

3£3?M!37*n-fc7-ij- 0 - 
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1 6 ] At E*J» , Wit- ^ -y- ? SE1S^ 

CO^IJ^ST'D-t'y^o 

1 7 ] «rffi» i oflta<oww^ii, HfrEr' 

- ^Eit^co^^ <0 2 oofJiffiT* K u x fc , i ons 
&7 VUZt i^TZ-fi, Kiffi 1 6 

7*n -fc-y "to 

-?/<xiiiR#gfcmEaiy t }-r'-5"<x s«?¥a fc * «i 

Wth, B^Sl 6 UE©c036?iJ5!! : a'7'n-f y*o 

fcftfflofe^itett-r*^.* * 'j fc . 
fc, 

20 BSt LT 2-o(0$;^Z-mzWllhi-tz£><Dm%.t, 
ift&fc*co#gfc, 

mmtm-fcox. mmw^&$ fzanur- 9 mat 

i tz li -r U WJfW * 4- x « Acofg t , 

-f-IJBlflS*l^^f , HtlE7'ny'7A*^>.9C0*7> h 

£ i ifcii2ii»$ fc^^^fxfci-Ertf. ffiXTgi 

[0 0 0 1] 

30 [SSS±<7)fiJffl*lf] mifc^^n-t- y •>> 

f?ttl7'ci-t 7-t fc , -S-OOfcfyCOT'D-t: 7 •> >?zl=. 
7 hfc, i^MlT'D* troi^St 
[0 0 0 2 ] 

ryn-t y-fj fclif^) OfilfiKilll 6fc ctsy-'H 1 7 U 
77<1"o d«5 7*n-fc-y»J-li, n S SCCr-ivxT. h • 
^•7-. r}'-*;!' • <-<-/*-XJ ( "ISSCC Digest of 
40 Technical Papers" , 1991^2fl> 252-25 3 

Lfct«0T-*^o 

[0 0 0 3] iH 1 6 ipmtr, ^W^n-byfli, 4 
1iC07"n-t 7 ->>^J3.-y ]>PU0 0-.PU1 1 (HI 
6 4>T'ii^#3 0, 3 2, 3 4 , 3 6 Ci^?ii5) 
fc, 7 YVMf&zi.-v Y (AU) 4 8fc, 7-*>?' 
yt * U 3 8 fc , f - ntrya^t^O, 4 2, 4 
4, 4 6 fc&'&tfo ^■7'n-b y v>Vzl=. 7 h^^f- 
50 y + t7-yi> ; e i J 4 0, 4 2 , 4 4 , 4 6 is X D"7 - 
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y y * 'J 3 8 77tXIJ, 4 ^co^r -V 7 y sl J 
•=E'J!Stil$ffl'^5 0 fc, 6$Wlf*#^*ffl^' x 4 2 
fcO, £st 1 0*CO/<X t tLTRi^ft^o Cco^'n 
-fc 7 £ % C, L-v'X?7T-f*5 8t, -bU7 7 5 
6 i 5r-^tr 0 -fcU? ? 5 6 fc PvX? 7 7 -T ^ 5 8 fc 
li, yn-b -y -> > v hi»f-?$f 

*I>cH<7)-e<fc *K 7 '>i« 'JWEffi#ffl^7 5 0 
fc . i^ffi#&#tffl^7. 5 2 fc, SBUS 5 4 tfrbWlik 
AstzT'- 7 £ L- v 7. ^77^*58 ^^LtS7D-t7 
-> > ^"i - 7 1- 3 0, 3 2 . 3 4, 3 6 fc /<7, 5 2 , 5 
4 tHffi*nr^T**)^ u 

1 0 0 0 4 ] m 1 7 *#.HB LT, #7n-fc 7 -> > 

71 3 0 , 3 2 , 3 4, 3 6 14. mMX'tt&ZrfWE^ 
^^^^o/ifffiSct^oT^^c &7n-fcy ->>^i- 
7h 3 0, 32, 34, 3 6 14. ig&fSA L U 7 0 , 7 

2 , 7 4 , 7 6 fc , *3TSIM PY80, 82, 84, 8 

6 fc. SDllffADD 9 0, 9 2 , 9 4 , 9 6 fc i^ts Q 
J/;^7n-fc7y>y'i-7} 3 0, 3 2 , 3 4 , 3 6 

|*]i:(4. ALU, suti, tn*s^A**awt*Jt 

Ell 7i:iJ^T«±, ilfficoffia&itco^toi:, -tv? 
? <r> A S3 ft 1 ^ > f (4 fiS n&ffc L T 7p L T * * c, 
[ 0 0 0 5 ] II 1 7 &#flB LT, £ fc xJ4*7"n t*;y> 
7 h 3 0 !4, 5 : 1 O-fc U- ? ? 1 1 0 fc 1 1 2 fc 
£#fr„ 7*n-fc-y ->>i/J--7 h3 0l±5f>i:, ALU 

7 0 <0£ti7J<7)— 77 i , V->'X^7r 4)\/5 8frb<F>thtl 
fc, -tut 7 1 1 OCDffiTjfc^'p 1 o^riiiRL-CALU 
7 0<7)-^OA73U-g-x.*/c«6cO-fcW^^ 130i, -fc 

1 2<Dffi7Jt, ^sE-f *7 p n-t7 ->>^j.-7 
h 3 2/j"b4xibn^'f-ytW-7j?:SKLtALU 
7 OtDtiLfiiDhJllz-Zj-jLhfcibO-bl'i? 7 1 3 2 fc£-a 
tr 0 7n-t y->>y^-^.7-b 3 Oli^tbt-, ALU 7 0 

<otb7:co-77 i: i/-7x* 7 t 5 8coai7jt<7n>-fft 

TiZMIKLXMP Y 8 0<n--ft<nXf)l l z5-z.Ztz>6 
CD-fc V 7 7 1 5 0 fc , 7"n -fc 7 •> > 7" .3.- y h 3 2 <b 
4x.ibtl4f'-?t, ADD 9 OCDtU^JfccD^ftl.^- 
77 tMLTADD 9 0O-^<0A^Jt-4xl>^J6O-b 
V??162 i£-£fro 7°n-tz7 -yy>f3-=-*j h 3 0 (4 

£ ibd-fci-T- ? 1 6 o ^-g^-t-fc , ^cD-trUy- ? 1 6 

0I4MPY8 0 CO {±1 7j i: A D D 9 0 <7>tB# fc <0^-f ixfr 
—-ftZmVlLX.r- 7 5 2 \,zm)-thtz£><r>i><r>x~ 

[0 0 0 6] 7n-t:7 v>r^--7 h 3 2 14, |H]«U;-t 
1 4, 116, 134, 136, 152, 16 
4 iStoo 7'n-t 7 y/^a-'v h 3 4 (4, -fcl'7 ? 1 
18, 120, 138, 140, 154, 166, 16 
8£r#fro 7"n-b7 ->>^-3--7 h 3 6 14, -tV7 7 1 
22, 124, 142, 144, 156, 1 7 0 
tf„ St>i:, -t u ? 1 6 0 t R,^* u ^ ? * ! #7 , o. 
-fc 7 y/^ 7 h 3 2 , 3 4, 3 6 Cti*ltv>5 



(5) 1*B8¥ 7 - 6 4 7 S 9 

S 

[0 0 0 7] -tl/^l 14, 118, 122 (4, -fc U 
??110i I^O^fiir^f-f o 0 -fc U- 7 7 1 1 6 , 1 
2 0, 1 2 4 (4, -fc U 7 7 1 1 2 fc m^Wati^t 
J, -tl-ni 3 4, 1 3 8 , 1 4 2 14, -t U ^ ^ 1 3 
0tnttWttl6S:*+4. -t^y 1 3 6(4. -fc V 7 7 
1 1 6 0tB7Jfc-fcl'?* 1 1 2cotB7ji:co-77?:j§KL 
TALU7 2 C-^x.^^feOicO-C'^^o -fcU7^ 1 4 
Q{t^V7 7 \ 2 2 t\s\$iX"&2><, -fcU-7 * . 1 4 4 14, 

10 -tU7 9 1 2 4 <r>tH,tlt-\:U7 7 1 2 0 OffiTJ O— 7j 
^ALU7 6 (:4x.^/wi6(0t«0t l $)^o -fcU-7^ 1 5 
2, 154, 1 5 614, -tU?? 1 5 0 fcR^^ffit 
#1-^0 -fc W 7 ^ l 6 4 14, 7n-fc y -> > /o.^. 7^3 
4 Ottl7Jfc*#S 8 2 com7jfc<7)v>-ftL^-7:S:®WL 
TJP^H9 2 H4x47t*OiO-r-** 0 
6(4, 7"D-fc7->>7*^-7 h 3 0<7)tt£)fc, tJDffS?9 
4 (7>{titlfc<!0^-ftL^-73*ji«LT*n»S9 4 C-S-x 
*7t*!)Otwe*io -tU77 I 6 8(4, *^8 4 CO 
ffiTJ fc , 7'n -fc 7 v > ^*^- 7 h 3 6 tm^fi 

20 ^-77^il«L-Cin^SI9 4 (C^-X-^/jftcO^O-e* 
-fcl^7^ 1 7 0(4, «»#8 4 cotBTj t. . WS9 
6 WttlTJ fctOV>-f^— 7j*S«?L-C*n»S9 6 

[0 0 0 8] ^-7'n -b 7 >> ^J-- 71- 3 0, 3 2 , 3 
4. 3 6t:(4. ;&7a-fc7 ->>yj.-7 h^Wljfil^*^ 
J6con-*ju^^-7:-tU LPM00, 01, 10, 11 

(0 1 7 <f T-(4#B.a£r-S§- 100, 102, 10 4. 10 
bX'mZtih) WWihtiX^Zx, 

[0 0 0 9] 7 Kl^XiKWi-'V I- 4 8(4, #^*'J 3 
iO 8, 40, 42, 44, 4 6 WiJEUi, S&7 K £i8 

[0 0 10] HI 6 iJ J: O-'H 1 7(C7p$n^C'fc < , fig 
^co^n-fc 7-»r(;i5^T14, 7n-fc7 ->>/jl^7 1-co 
#nS:i4ffii:ic^4-o-rfciK ffls^dflojgm, te^j- 
^ fc i £ t^t>-tir T It gfct-ff^ tiotvS, 

[0011] H 1 8 £ t>'H 1 9 i&m LT, 7 
n -fc y (4^w J: -) (;S!ifPl"So 7*n -fc 7 -> > ^ji. - 7 

h ww/^4f^(4, m 1 8 tm 1 9 t^Tr^mzmm 
vmmfrh'-imi-t z>z tffx-zzo si zcTpsnzm 

40 Cfc^TI4, 7D-fcy ->>7'^-=- 7 h 3 0 , 3 2, 3 
4, 3 6cofflX'<07-7;<X%$xtf#%iLZi:\<"£7l-& 
tUy^^JWo #7n-t7y-y^7bf 

(4, mm&&tfft%t>nzo 

[0 0 12] mi 9 H^Sft&flJ-Cli, 7n-fc7->> y 
^--7 h 3 2 oo*»S8 2C0ffl7JA s 7'n-fc 7 ->>^i^ 
y b 3 0OHjn^?|9 0coA7j(;4x."bti^o flnf?Sff9 0 
cottitJfi, T'D-t7yy^7 h 3 4 <0fln#3§ 9' 4 <D 
A7J Cl-i "b „ -^7*n -fc y v > 7 h 3 4 O 

*®Lf?8 4 CD0S7j;* f 7'n-t: y *sy*fz.--j Y 3 6<7)*n»: 
50 If 9 6 C0At/O--7jt-^-x.^tL4o ttl»3f 9 6 cOill7J(± 
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9 

7n -t 7 -> y ya- 7 F 3 4 (OflnlTt? 1 9 4 co AtJOilii 
JC4i.6iU. Stl&ff 9 4 Otti-;j(±-7'D-t y >•> ^ 

-7I-32 coflngf?9 2 <nxij<n— hfy^o c 
colli 9c^$tt4Sgct'Ci, 4srtcofs-iniS^^«r 

h 3 2<F>&l)t LX%ht\ho 

[0 0 13] ^C07'o-b -ytf-coflJWli. *7 hT^T"^ 

a6co4'(®co^tco, ^tf5lH<0&^&#fi:i LTfrfc 
frti£o 3 2k"7FT-*t), 5 IBO^-eii 1 

6 0 tf 7 h 

[0014] -fc 7 h 7 7 T^li, #^0 -t 7 •> > fz- 
=-v Y A^Sflco 5 : 1 0> 112, 11 

4, 1 1 6, 1 1 8 , 1 2 0, 1 2 2 , 1 2 4 ^, 
n-t y v > ^"-3-- 7 h fflcof- ^ /<^OSSE*K5E't"* 
fcabco-tl'? ?4t'«ri|lt4o 7'D-t7y>yi-7 
KMiiPfft^fi, >*'J 38, 40, 42, 44, 46<0 

0 2. 1 0 4 , 1 0 6 COT KKX^5t£1f&o;t »)-f 
4 0 n-**^^')i 0 0, 1 0 2 , 1 0 4 , 1 0 

5:fi^-t--?>^J6C0tc0T-*^ 0 
[0 0 15] 

mwtm&Lin t-ti>im\ mi 6 -hi 9ic^$ 

tiZfeXfti/ftO-fv-t -y*r Uli, #C0 i 7 !jeH®*7j { *- 
So ■icoyn-fcy-Wi, t i *> fcf&IH£E*$fflK&ftl* 

aSJ^tOfrff w co 7"n -fc 7 -if £ jgffl-t h C t liHStr- 

SflliB&OliTHCiFFT (H5jS7-'Ji^) Kffli^P, 

Sif^S, A?7 7-f it&Kli, H?gt?4l@i:tt]3§: 
SelltWSfAio teffij£*# (2nk*7l-ht 
& ) -C(±, n X n kf 7 h CO^IfS! 4 1@ fc 2 n + 2 n tf 7 
hCOinffff 31Bfc7) s £-ST-*-S 0 L/^U HI 6 -SI 
9 l::^$ft£7"n*7^#fr&;c£Wlii> UIIfSESI 
fflCO^g/i'lfC^O, ^M-KviT'i), T^=f';x' 

1@c0 7°D-fe7 v> ^'-i-7 b &fix.f,:7 ? n-fc 7-tU&</> 
T, ±$OJ: t 4**&'&3£fr&±io fcT& fc-E-oftiJ 

$t) { M£^ & & 4- t'coas ^ <t & ' <f> cot*& & 0 l ti'o 

T^*co^cottco7n-t 7tt-i)lffiT*i4 fccoiife^T 
^ft-e* •) > Li'tfoiH rt f MtT" & o ») , ^ - K 

[0 0 16] £<OfcH«i±&Wfflflk£U**TfcS*l.Jt 
*,C0T"£>oT, a&BWT'D't'y f- SrfiSx. 

h Z. fc K i n&pmmiUh^Z iftttz-h fc fc 41 
j£^ttHicOifl3f * , Jtl2fi < jm* i e4-lliilW/3 te-C njflg fc 1" £ 



(6)- Iffflsp 7 - 6 4 7 8 9 

/o 

h t , -fnM-j ^coijfP/j-S fc C fc 4 1 W i 

[0 0 1 7] 

[ElJI£0Si£i-&£^Wx] 1 (cESSco^iM 
Scofcsbco ~fn -fc 7 -> > 7':x- 7 Mi, -Hi-fiiMM 
CO At) 4 W L , 4 1 h il h r- 9 CO ffl C pjf 5c ^ ^ ^-ff 

n«X*rtc. ll^com^ifiJA^-r-'-^^'^co^*.^ 

jjr- 9 ><X t m Df&coiji/jlSltBftT'- 9 ^7, 

^ / X* t. o v ^-f ^ l : tb t) ■? h tz A co ffi 7J f - ^ / jg W 

-rs/^^C, AtJT'-^^'^jS^fStx &t)T-9X 
x btziL2>r-9 coliSS 4- SiHW-f & £ tocogJM 

20 ^tith. 

[0 0 18] W*«2 (cfe««0 7'n-b-y ->> ^^.-7 h 

12, (cf£«cotco-e*oT, ^(Olftl<oa» 

^S:* f , 2oc0n tf 7 hiffiOAtJtWL. 4x.t>n^2 

1st, ^••*-^2ocon k:*7 MBcoAT^i^L, 

-5, 2ocof-^5rfjn^LTn If 7 hiffico^tffi^-t* 

[0019] BiJjtJS 3 ClC^co 7'n -fc 7 v > f 7 1- 
li, 1S*3S2 t;fS^cotcot-*-=T, ^S&co^./j-lPlA/j 
50 T'-9xzt=£ VfflkO Oft [6] lU t) -f - ? ^' ^ CO & 4 li 
2 nkf y HBS:*L, A*r'- ^UMftli, tMic 
licoii^-^co^Atirtcm^co^.yJIfilAtJ-T'- J'^* 

,7.<ot t>cov>-r^i^iot";iJ^iw^s«L-t, 
H^#/jNA^^-^^^4^LT4x.ensr'-^co 

±(3L i tz (iTfiiCO n tf 7 h 4K A^J ^4- ^. 2> tztb<D*ZW> 

^-/V 4, ^./TlnlttJTJf'- y/^cottS;COU>'f t ^^co±(i 
n Mv l-ifcliTftnkfv 1- i tz&Zomi izthlj^'m 
tirhtztt><r>^Wc>k%iso 
40. [0 0 2 0] W*JI4 ICfEftcOT'n-t y ->>-^J--7 h 
" ii, 1112 U?£$Sjcokco-t-&oT, 2ocotn^ffCO- 
*ii*-v'J-m*4#L, flU/jli^r^'U-A^tWL, 
& ic, -v 'J - ffi^J t * -v 'J - A^J t *^t$m$) l-BJf 

[ 0 0 2 1 ]- lf;M5 trfE$£c07'n-t7 x > ^ v V 
I2»*S2 tCf£«c0tC0f*oT, Xtjr- 9'<7,mR 
^K* T , 2-^co*a^:Scoioco^4-< 1 1 l^A^i: 
ov>t, ^yjloJA^Jf- 9XZ<7)n t}W>-?ixfr 1 o£ 
?t (i it»n^tfl t # co Ui y7 co v ii. 4 vJUm fl-J t - L 
50 T, SK?^fj^[C]A^T'-5'^*^47>LT-!?-A'o^ 
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11 

10 0 2 2 ] m^JM6 t-SBf^Vn-t -y -> > f =l~ 7 V 

2 ocoinK^CO 1 oco^& < fc 1 OC9A7J 
i;o^t, tS^co#^(p]A^j-f-"- * Axco-i.^cov^-f ft 

Lt, j§WSftfc*/jftA#^-*>**£^LT4;i^ 

# tc-^x. & fc aoco^g & ^-tro 
[0 0 2 3] B*S7 ICffiffccOT'n-ty h 

K^&tF, 2 ocoflngflco 1 oco^fr < fc fc 1 oWAt) 
t:o^T. «|fc<7)W(S]A^T'-5'/<X(7)-9 -^CD^-fft 

-aj<ov»-f'it^*^rw»wua*?L-c. ^R£ftfc#/j 

ft^£l£ A:7J C4x. * fctoco^g^tr o 
[0 0 2 4 ] ^*a8t-fett<0-7'n-t-y->><rrL- : y h 

AAjI#?3M£l±. *jrS*)^fc < fc fc 1 ^OAflK 
ov>-r, ig.y5ftA7J^-?/<xcOT*jm>1-"ft/.r 1 °* 

fl?LT, SiRSftfclWftA^-^xfcfrb-C^x. 

co - U £ m A # ( : x & £ * <o # l£ i is „ 

[0 0 2 5] »*«9U?B|ftO#JlJ&S7n*7-*(±, 

> ^-jx - - y b ^nif^(n)(;Rm-'Kt:ll^^Sfit-5. fc# 

<7)^l <D^\air-^^^t , 1 OioV^TIS f) 7n 
■fc 7 i/vj'ai 7 h iRIIttlOH^twR^lSlUStti - * 
fcJOCO, ^2C0*7^|fi]7 : '- J'/^t^-g-tfo ni±4C0^ 

**-e&&o ^T-n-t-r//^-'? m±, -eft-rftft 
Sfcis<oA>ti&#u s-z.bti&r-tcofflizffifccDmn 
ifiK^r&mz&tiirztzfrom&m^mn^&tt, 

BStS7'n-t7y>y'i-7 hrt»e>OA?Ji5:£$l 
com7alS]f'-5'/^t, ^2<7)*^(fi]f-'-3"^<7)^*> 
<7)fg-7 , n -b y v > 7-3-— b ^cOAT^t-'- 

2 coJ£/j|a]7 : '- 9/*ZOi *><7>v>-f ftj4> 1 o£nrffiUf9M 

><x*r#«: t , «»iHo»4t#itoai*t-tttts ftfc 

Alfrfc, 2>7'v-tv =s>73-=-v b^com^tft 

CD "7 *)(0|i7'n -fc 'X ->>i7*J--y h^"bOtBy^T-*-^^< 
*fcli®iSE£ftfcffi*i:£*rU iS^ia^myt)^^^ 
* 1 ii J: IK** 2 W**|fiIf-^^^WV»rtL*'Uffl 



(7) #|S8¥7 - 6 4 7 8 9 

/? 

# "t & fc * <0 ili 13 t- 9 ' < X JIK^fx t , t8 ftffi Oifa £ 
tztfxnftffl^&ktStro 

[ 0 0 2 6 ] 1 0 i:K^<7)afc?iJ«! : a7'n-f 7-9- 

-7 htlBl^O, ^•^75 { -)fi:2o<07 : -*-5'^tti^Mrfit 
;o 7 -> > ^i- 7 h <7)#^ t i%m-tZ>fzt(><ntm<0MLlii 

#^li> B?S1"*7'n-b7 •»y'ai7 hA^OA^Jt 
>i-&»l<0*y7l6]f'-^^'Xi: N »2 0*7j|fi]f'-*'>'< 
X(Oo 't>(7)ig , 7'n-t:7 ->>t'j.-7 F^ATJf-?'! 

k7J ZtizftliiSL XfW, 2 C0*.7j[fi]f - ^ 

x fcisajf - too *>ov^-fn^i o'tDiftij'tJpiitj 

20 f-*<0-Sfc&A:fti:4x.£^*!>0^j$«:-£tro tH^J-r' 

t%%%l C>#73 |nj r - 2 n&mtUr'- 9 

^ /n-x I , SSr - ^^"x t \zi&m.%Mz&-h tZG 

[ 0 0 2 7 ] 1 Ug£<K<0 7*D-fcv/^U. SS*3S 

9 Uie^Wto-eaboT, 7 , D-fc7 y>^^.-7 htpi 
30 #^75' f -)^U20(7yT'-^i-.il7:'BIfiE ; S--f'-5'gi3 

■yy>y'JL-7 Hi. # * 7^ 4 CO ^ *$H@ CO V D -fc 7 "> 

*) , ^icco yn -t 7 -> > y .3-- 7 bt fs^co f- ? fete 

7^7 Mzjsv^-c. A7]f'-?^"XiiK¥ftli> l?¥S 

40 yj|fi]7'-i'/fXi:, ^2C0#/3[ri]-7'-^-''<XC0 ; )* ) C0K 
7 , D-fc7-/>y'J--7 b-^COAAT^-^^'A fc. tS&W 

f - ^ xn'Xco -5 *)iS7'n -b 7 v > 7 h A^itli 

- 9 tm^&fr b<n$$.&7'-9'<7,t[Z%ffi$ix, ®& 

-^/<x tSSai-7'-^>'N'.x *>cov>-f;h> 1 o^uT 
■Wlffll W i: MM L X . £ ft f - 9 > <X «r ^ L T 4 ^. 
(bftSf-^co-gP^KA^Jtc^-xifc^O^SSr-g- 

50 ^Jlc^S'ftfcA^fc. |gf4 7'n-t7y>'^-7 
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13 

^|pjf- 9 /<z<nnt><vw.7'v-t 7 -> v -j \- frh 

cotijTJr'- ?/*Xfc, S&r'-? AXCD-t-^Tfct^St 

[0 0 2 8 ] »*Jll 2 tcfeSK<7)3E?iJ® s 3i-/n-L'7-to 
SiftTJ'&li, 4l@c07'n-fcy vy?a.=."j b fc, m % 
n 7'o-t y -> > ^J-- v b %fft1z1i^~¥\W$.\-mk\~ 

JoV>"CK 0 -/D-t7 i/V f3.=- 7 b tT&yjlPjtC^^E 

t&tz#><r>s 4#cofg2 cDMfLfiftr- ?/<zt 

.a- 7 Hi, nkf 7 K^OCOATJ&WU 4x 6 

IhlSt&tztfXDmn^&t, #*nf7 h<7)2 

o co A* £ * L , 4 x *o ix h r- 9 CD Ffl C illg £ If & o 
Tn fc* 7 MgCDig^£ffi#-f&/.:#CD»l ib'J:U*&2 CD 

iDS-f-gt, anoints©** 'J-ffl:fr£$2oijn 

-tJJ&^IS fc , £ 7°n -t y •> > 7 I- CD 

Aftfc&&mco#/7fa-r-:S'^Xfc, ^2<7)#^[S]r 

- ? Kx co o *> cote 7'D-t'y>y 7 h -^-CD At) f* 

- ? y <X fc & £ i CD fc u*a $ ft. t finH^S 

fc cd&a* rtcsifci vm 2 co^ifiir'- ? > <x co 

9 *>co^-f 1 oSr ^ftfiWUiitlRLT, M?*ifc 
W [6] 7 - 9 / < X £ L T 4 x tl £ -r - ? CO - gfl & ft 
fc tnft¥S t CO A 7J U -e ti -rtL^- X £ £ * CO A^ 

^coffi;fr fc l oijL^ft-^-^xt, »2co*^ 
Ifij-f - 9^y^<r>n *>cofg7"n-fc 7 -> > — 7 b ^<b<0 

fcilFtolM^wffi**, * lit i ?>12 co^ldr' - 
y /^cov^ftL^^m^J-t - * ^tocoffi^r'- ? /'xjHR 

tSiai-*^*^, Ay^-^xjtK^gfc, ^tt^ 

- 9 /^mWf-WL t{z£Z>-7-9 coff KiOTt & fc* 

9-<r>&*&AJir-9 > >*X S^&K-^ x 4 X f -y 7* 

t, xjf-.<"«a*ifiici^ r---yco&^?r± 

fiio i t/Tfico n kf y h fo 4 oco 7*n -t -y 

->>^*jl- y hco, ft^gi5ir/tin»^coA^cov^ 
t"tL7)>2on-e-tT,-ftL^-x^.xr y7"t, -f-<TC07'n 
t 7 y^y'a-7 h<o + -r 'J -Wft^&fc, RTrMcoiSI? 
W&CTKje-t-SXr-y 7*t, #7*n-t -y -> > v 

■v v > - y V <om%-¥-& t , » 1 ±i i Z>*» 2 cOiD^C 
-^S t co HcogalE?: 13:^1- J^r'^t, i^^^mi'^, 
r*-^^'XcOo-t,cOR)facO ! {>cot:tii^$*i.^io^> «f 



(8) 7 - 6 4 7 8 9 

Mcoif^cto'C^ioSf^co-Va-tr-y yz/a-'y Y 
cnmg-^fxte I (f mw=ffx.v n *> ORif 5gco {, coco ffl^j • 
co , nif jgofflif t Plr^ co r'- ? / * * U ttl 7] i" h I o !-'- ffi 
73 f- ^ /N-xiiK-f-^^Silifpi-^ x -7- y -ft Z&bo 
[ 0 0 2 9] ifi*JS i 3 ic8a«<7>SM1r£SHi, ffi*Jl l 

2 CseKcO^CO-C&o-C^ gatKttS^f 7 7*li, 
*> 4 7*n 4: 7 •> > ? h 4 1 l±*n«^ 

Sc0tHyt)C0±fi n tf y h 7i\ 1l!lt0 7'n -fc 7 -> > ^'-3-- y 

? / ■? * ±j i r/A* f - ^ y x i~i.z>f 

. 9%mi&%.i-2>*'r-v-f*'s;tr 0 

[0 0 3 0] W*^ 1 4 U|E«©ftfWifcli, H*J1 1 
2 ClEfcCO&co-CaboT. SStSrK^cl - * Xr 7 yii, 
*s ^"n -t 7 -> y vs.- y \ I'wmn^&i ?ti±tn)t¥ 

ecoai7 L JCO±jin tf 7 ll!lC07*n-b7 
f-xcOf-^y^'XCOTtjin tf 7 h tcttlftSft&J: 0 
K7*ci-t'y v >9~J.=-y b <r>li!>tl7- 9 ^*xjSW¥S^ 

£ 4 -r- ^glS^fS^t^ Xr 7 7'*^tro 
20 [0 0 3 1 ] »#*gl 5t:|£«co.^iJ«La7'n-L'7^ 1 
ffi^Jl 9 ICIEISO t COT* o T , -f-yn -t 7 v > /a-- 

[0 0 3 2] Iff^fl 1 6 C-I5?ScC0at?iJS!ta7'n -L- 7 +>• 
ti, iS^Jli 5 t;lB«<o^,co-e*or, ©iffli^ii, f 

- yfEtt^a^t'iHiNl1-*7t:*co» 1 <0tt*«0Wttp^4s- 

t , mW^-mz i4iS»fS«oi«<ofcA<o»2 coSM 

[0 0 3 3] BM1 7(;|B«tC036?i]jffl : a7-D-t:7+)- 
JO l±, Rffll 6 t:ieKcofecof*oT. ^lco«co|i] 
»flr«-i±, r-9tm^&<r>&*<7)2-o<ntmT ku* 
fc, 1 o«o#jir Kuxfc*j&;e-ti>o 

[0 0 3 4] 1 8 CKttcO^JSJLa^a-L- 7 -t 

li, W5R3I1 6 HfElfcO&WT'&o-C. SlHiHl^li, 4 
x <b 2 co SffloiliiM^^^^H S ixh i Tli, E 
flij k 4 x <b it tz m 2 .co-Mco ftijfji) ft u 86 o T ®m-& 

txt>r'-9; <x tutor-?* <^a«#s fc 

[0 0 3 5] lt*JS 1 9 KfEftco&FiMJlT'n -t 7 * 
40 ti, »*JB1 6 CfESScCOkco-e&oT, ^^•ICffi^S 
ti, «&1Sco^^gE1f.i-^^y< ; e^ fc, ^^^-t- 1 ) 
coSimr Kux it&5Ei"'5>^*C0 7'n : 7'-7Ayj7>'? 
fc, -fu Ujr 1 ) > 9 K X. 0 JUSec? tifcT K IyX 4"5fe 
git LT 2oco^*-«tcgS,'±i-t7t:i6co^t, gtSl 
$ ix 7t 2 o co ifr $-7) f m -cofitt t- * & *IJ tttf t 
-&/j:i6co#g;fc, *]BfiB*Uttor, «Jtt^a*?t:l±f' 

- ^ I Etg^S * £ 1 i * o S-77 1; ifiilM 

3M£fc, firr^Stc^-J-C, 7'n7'7A*7>^co*7 

50 [0 0 3 6] 
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15 

atm i izmvL<7)&vmmr> tztxn-fu*. 7 -> 

?/<xcd$W { |h| — C<7)7°n-fcy ->>^ 
- -y b i»lt^fc-ti:tf«l7 , D-t 7 * t^SS-t 
^ t £ (7) 7°n -b 7 -> > ^a- 7 b fflllOgSt^'&IjT"* 
•9. blSfifc^lBj— 

[0 0 3 7] mft& 2 UK$R<757'n -b 7 •>•> ^J-- 7 b 
(i, n X n tf 7 b (?)*»St n + n tf -y b CO 2 ocoJn* 

10 0 3 8] ffi*fl3^!E«0-/n-t:7->>^.3.-7 b 

*,?n>T ti^f£S;0 1 oco±feifcliTf£cDn t* 7 bri* 

?/<*<7ytt5g;eD^-f *l75»CO±f&n t*7 bifcliT 
fin t*7 h^iir^^lctH^^^t^o L/;//ot2 n 
tf-y b CO f-y"|H]±C0ig||:£, -rtL-rn±fin fc"y I- fc 
Tfi n t' 7 b fc C-frltT n X n tf 7 b cOftlT-fi & <t £>* n 
+ n tf-y hWDDjtSSrffl^TfTfc? - t^T^So 
[0 0 3 9] ft*® 4 Clfifjco 7n-b 7 -> > ^-7 b 
-Cii, 2OWflll||ffC0-/jCD*^ U -ffiy'iSrffllTjW^Y 

tztf-oX, 2 ntf-y h<0r'-^|Hl±O*ng:t, n fc'v b 

giJH go snU fc 1" & - fc tfx- £ i> o 
[0 0 4 0] W*JS 5 i:|a(fi<n-/n-t 7 -> > y'J-- v b 
■C(±, 2ooSD»SWlow^^c< fc i> lowA*i:-5 

fc x if «fP?I» t, f-f^gftwf-Hfflv' fcin 

[0 0 4 1 ] IS*^6 Uie^coVn-fc 7 vV73-~-j b 
T-li, 2 ocoijp^cflco 1 oflj-'i < fc 4 1 ocoA^Uo 
v>T, XH7-9 fc LX&UmXJrr-?^*^*) 

fSfDrjC£fc, r'-S'y-fxflficDf'- ? Srffl^/ijaif fcco 

[0 0 4 2] IB*3l 7 Uta$c0 7'n -b ■/ -> > yj-- 7 b 
-Cti, 2 ocoOTI^co 1 < i & 1 o<oA;frlco 



(9) 7 - 6 4 7 8 9 

/6 

^t'M>l-5l:, KflD^fliA^aitii:, 3ftgf?f0fcB£j 

itl¥fc , f-^^gltlOr- ? ^ffl^/tfill&fc O^J 

[ 0 0 4 3 ] 18*31 8 Uf£$0 7'n-b 7 •> > fi- 7 b 
TNi. St^flco^ < t i> 1 ooAiCovT, Aft 7* 
£ LTig./jfaA^r-^XCOo *>CD^-f*i^ 1 o 

t m.&Mmtm.^&<r>w\-h fc o^-rn^^nwe ^ 

[0 0 4 4 ] S!*JS 9 Cia^O^iJiataT'n -b 7 -tf T- 

• y -> > jl - y b t (±» 1 <o*7j iDj-f - J' 

TjIpJU^ 1 oioV^-CIS>9-&T yn-b-y ->>^j.^-y b t 

20 ft^^^o #7*n-t7yy^a-7 Mi, 13: IB: ft 2 W. 

j.^7 |-l±|B|-cofi|ji*#1-*fc», 7 - n-b-y+)-<7?W-1' 
7 * b J: Vim <n Wk $ 7i ? fB:« 3 ti & . 
[0 0 4 5] Sf *JI 1 0 tcfa«c03£?iJM : a7 p n -b 7 +bT" 
l±, ^7'n-b7->>ri-7 brtt:, 

■B^&fr^V-r- 9 £, fl!i<0 7'n-b-y^75>t><7)7 : '- 9 t 

- 7 b t , f - ^ t co 4 <o ic a -e # 

[0 0 4 6] W*Jll 1 Hfa^C0ii£y : iJ4!ta-7'n-b •ytft- 
(i, 7'n-b 7 y>^i-7 § 
7"n -t 7 -> > 7 b r t C , 7-9 IE-It ^SA^fiS 
^tT.^ 0 #7'n-t-r»7'i-7 b!i, |H]-c0y-;u--/ 
(CJSi" S "7° D -fc y -> > 7'-"L- 7 b UiW-l" & 7*- ? Kt6 
%-WLfrb<n7-9 t, 'flllcOT'n-b 7-^-^fjCOf-'- £<0 

7 b fc , f - ? fE-ltf-S fc coffiigto 4 co t; mtj -e ^ i o 
f-^ieil^S^^^ iHjCy'^-'/C^t-^^n-b-y 
>y-*j.^-y b-^co|Sai7 : '-^''^l±, 7 p a-b-y : y>yj- 
-vY* 9' )\y - "/-ft-iir-f ^tc^SI" S Wft fc Jt«c L T 
® < -C-t^-, 7'n-b 7 •> > y' 7 b -"-co 9 (7?tt*& 

^iSil 1 C 4- 7L Z> o ttz\9-)V--/<n^U^ -j yy^a 

-7 bT-^aof---?*fflv^^?^*^-c^*o 

t;, .& 7'n-b 7 -yy{rzi.=.-y Y'frbii.ilM<07-9$&W. 
^WtK T- 9 Z SJi* * CO f A* - -/ffl co f- 9 #® 

so ^mx-hho 
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[0 0 4 7] 11*311 2 tcf£SSO&5iJ4ffi3-7 p n-fc-y+j 1 <7> 
h -f OdfrfSSft, 4 Ofl^Dt 7 •> > ^Ji.— 7 h CO, 

*|?#gfc> i tmil^&^A^w^T ftrt>2 oc-rft'f 

ft-^X^ft^o l<0 7 , D-t7-//'^-7 h<7>i$M$%W: 

cojbten fcfv b iTtliTfinfc'-y Hi, .$f£fc$g<0£ 
frco^r- ^tOTfin kf 7 b i£(4±fen kfy b i: LTSI 
*#&t fctiftnJM^&U-S-x.* CI t , 

V 'J -WAffiflfcff&^fc'^fcilKt^&O-C, n 20 

T, ^^gfts^&^&a^fr&v C t^T'#*o 

[0 0 4 8] W*lSl 3 C|S«<7)|fe7 r iJ44S7'n-t-y-4-0 
SfrfWfe-eii, *-5> -/n-t 7 -> > //a.- 7 b 
gcotil^W±{4 n tf 7 b £ tz&T&<?> nt*7 b 7) ? , #0 
7'n -t 7 > > ^ v b l*)<0*»¥fx i titHI^S^ 
Tf£nkf7 ht±fintf-y h fcWtt&W-^jHAftSft 

S:K5£-C§&o ->7 b^&ift^&Ct 20 
[0 0 4 9] fS#JR 1 4 t:|B«Oji6?i]ffl.3iyn-t y-U-O 

Sd^ST-ii, *S7'B-t 7 •> > ./i- v b i*jcofHH^ 

S« r )*^<7)±fSn t'7 brt ? , f(7)7'n-t7->>:ya-7 
fcl±*ll*#&<OTffin tfy bCAft? 
ti<£> i *) tcf-i'/^ t*^Si^i±iD*^©t^ 

[0 0 5 0] it aRJI 1 5 cieKcoa£?ij^a-/n-b y-t-e JO 
14, &7*n-fc 7 y^yi- 7 b rt CiCIJfl ^7)^^15 
It Wl r- t&ffl $ ft h o H?i &• iSg i & f n -b 7 y > ^ a 

- y brtcMffiii-ftif ± <, ^jjaa^n-ty^ft 

[0 0 5 1 ] i?*Sl 6KSa$fiWft?'j&&7n-fc-y-'i--C- 

14, w»^i±, 7-9tm^®.iv\m-z>tztbm\m 

[0 0 5 2] If;Rif 1 7 IcSBKW^iJ^aT'n -t 7 -th-e 

(4, r-9tm^&?>&*<n2'3<7)m.ib7 vuzfrbo 

[0 0 5 3] fPnfcifl 8 (;fEtt<7)3fc?iJ4«7'n-tr7-t}--t ; - 
(4, ^2cott«wSiJW^^-ri^M$tt&^r-ii, iSfri: 

^ x. <=> ft^iti 2 <7)mm<r>mm^^vt<>rmw^ t a 



^¥7-6 4 7 8 9 

/S 

14 $ ft 4 o f - ? ffiH^S*' ^ tB^ c ft 4 f - ? i ^ L 
S * itill M 1" « ^^-^ ^ «r > ^ ^ ft ^ -tiro o 

[0 0 5 4 ] Ifi^JSl 9t:I£fjc03fe?i]Ma-7'n-t7-4-T- 

ft/;7 KUX&TcSSt LT2oco^^ f -S^?attl? 
ft, ISttS $ ft^: 2 oo^75 ? |nI-<7)? ; fcU^-r 4 ^'S^ 
A S W »f ? ft 4 o |S| --C* ft If -5fc i:Kffi (±S ? ft tzfr^rOA- 

Itft If W«#g t r - * Ete#S t C r ft-f'ftO 
7 , n 7 '9A*^>??r2^SnS^'&o 

affi7j*ifii±i-4o 

[0 0 5 5] 
[*MW] 

•>>?-i-7h (PU) *»<bflHSSit4-/n-b-7*i:o 
v^cW-Tir-Tpto 13 1 l-#P.3.LT-<7)7'o-L'7^li > 4 
o<07*n-t7v>yj--7 HPU0 0, 0 1. 10, 1 

1 (H 1 4>-Cii^ft^*ft#fiB^2 0 0. 2 0 2 , 2 0 
4 , 2 0 6 (; J; io^$ft-J>) zixby'u^y •>> ? 

7 b 2 0 0 , 202, 204, 206 1', -I GOIW 
T-R^KIc«S-r-?»^*0#^r|ti]f-'-.'S'/^ 2 10,2 
12, 214, 2 1 6 t iStso "/n-t 7 > > 7 
b P U tc#tt h Ktz&m (00, 01, 10, 11) 
li, -?-cD-7*D-tr7->> / /^-7 bc07 KUX^r 

[0 0 5 6] ;07*n-t7+M±$^(C> 7YV^if2tz 
lt*4'*7'n-t7 v 7 I- *m^jffi]l^it1" 4/^ 

46<7), *7;[n]AtJ7 : '-'5'-'<^ 2 20, 222, 22 4, 

2 2 6 £-&tr 0 Btri£W^|6]r-'-^/^.X2 1 0, 2 1 
2, 2 14(4, 7 KWX75 ? 1 filt^^^ 7"n-t 7 •> > ^ 

f - ^ 2 1 6 (4, 7*n -t 7 •> > 7 b P. U 1 
1 (2 0 6) KPU0 0 (2 0 0) ^f-^Uf 
Ull:^V'T, .^f-^/^ICltUP^ft^-^ei) 

(i, r-?<nmnz>1ifti : &t>ir^z><, in:^n 

4 7 , n-b7-t)-C(4; & 7" n-t 7 ->>:?" J- -7 hCA-S^ 
-?/N'7.WAtJ'ici:< ^•7 P D-t 7 x>r-3.-7 b^'^tti 
*f-?/^oai^S!ct<ifflZt;^L<, -eft-Pft2t 
riotv^o 1"^TC0 7*o-b 7 v >yj.— 7 b (-ioV'T 

[0 0 5 7] H2 Sr#!!8LT, :<0Sin$W»7 , n 
-b7-<)-(i, iJ6<orD-t-; yy^v b P U 0 0 , 0 
1, 10, 11 (200, 202, 20 4 , 2 06) 
i, f-#/a2 10, 2 12, 214, 216, 22 
0, 222, 224, 226 t i:#llx.T, #7'Dt7t 
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2 0 0, 202, 204, 206 U*tl& LTrti-ritBS: 
(t<=>tLfjn > h n-^|g|& (PUC) 2 5 0, 2 5 2 , 
2 5 4 ,■ 2 5 6 »Vp y< * 'J ( I M) 2 6 0, 2 6 
2, 264, 2 6 6 h, f-^^^yO, 27 2 , 

2 7 4 , 2 7 6 £ i^tso 

[0 0 5 81 ^O-Zn-t-y-it-ii? ib!:, f'-?yt*'J2 
70, 272, 274, 2 7 6 ri><b^tti Stl-fc-T- * £ 
£><7)y<* l JKtfiAX?£2 8 0 t, #^n-t7 v^^o.- 
y h 2 0 0 , 2 0 2 , 2 0 4,. 2 0 6 frh 7- 9 J * ') 
270, 272, 274, 2 7 6 ICtfiitf f- 9 <T)fzih 
C0>t*'J#&AXffif2 7 2 tfc^-tfo Sf-^^'J 2 
70, 272, 274, 2 7 6 (±^tL^tU[W]P#t- 2 f@C0 

r-fnyamm^x-k <o , -eft-ffr-f- * ax 300 

£ 3 0 1 , 3 0 2 £ 3 0 3, 3 0 4 £ 3 0 5 , 3 0 6 t 

3 0 7 i:i i) t^'Jtatt&'iz&i 8 ortcoi>(:g&-& 

-f&c vmWiT-- 2 8 oftcof-?Ax 
14, f-? AXf£3 10, 312, 314, 316 
13 -Tn-t-y v>>f3.=.-y Y 2 0 0, 2 0 2 , 2 0 4, 2 
0 6 U-g-ix-TtL^^^^o 

[0 0 5 9] **>)WllhT'- 2 8 214, 4oc? 
nkfy 1- 7*- * AX 11 C < -Ht-Ptl 4 $foW 

n tf 7 hipgcor'- ? AX^^f-? AXif 3 2 0 , 
322, 324, 3 2 6 t:lt)7'D-t7y/ 7"^-- 7 Y 
200, 202, 204, 2 0 6«oaj^i:gS?tLi:^ 

270, 272, 274, 2 7 6 ^-Of- ? co^&liPl 

b#i: i \mmmr-&2,o 7-9 Km&tsr'- ?i± 

[0 0 6 0] ^«') 2 6 0, 262, 264, 26 
6-M4, la^Sft&^Ath:*)*- h^LTMi O-S- 
^tt^frt^tefl 3'/Fn-*Bft2 5 0, 

2 5 2 , 2 5 4 , 2 5 6 <7)&*I4, 2 HcDthyj &ft*>, 
ffi^O-Tjiif'-^^^'J 2 7 0, 2 7 2, 2 7 4, 2 
7 6 OiM'flHC, -dU/jfi-ZD-t / ->>^ji^7 h 2 0 0, 

202, 204, 2 o encomn^mn^^r^^-^ 

[0 0 6 1 ] @3i:, yp -t •/ -> > yj.- 7 I- 2 0 0 O 
NSPfll^^^to 13i:i±7'0't7y>^-7 h 2 0 
OcOffjS^Wli: LT^1-* ? , iHO-fv-t -j 

b 2 0 2, 2 0 4, 2 0 6<?)SS4:O7'n't7y>^ 
.3.-7 b 2 0 0 ££< Wi— Lt* ! ot, cici-c 

o 

[0 0 6 2] H3 £#MLT, -** , ;#-.i&AXS2 8 2 
|±, 4^0^^ , J#ji^'X 4 00, 4 02, 404, 4 
0 6S-^-tr o ££H 1 ±5 ±0-^2 ICtf? ft£ Zn-t: 7 -> 
y ya-=- ■■/ Y 2 0 2 ^<r>-7- 9 ax 2 1 0 (4, ±f£ n fcf 
7 Y<T>7— 9 AX 2 1 OMtTKn tf 7 h <7)r'- ?AX 
2 1 0 L £ t-atro P»i:7"nt 7 ->>y3.-~s h 2 0 



(11) #H¥7.- 6 4 7 8 9 

20 

4 -xcOt-"- ? AX 2 2 0 (4, ±f£ n tf 7 I- <Df- 9 A 7, 
2 2 0 M £ T(S n tf 7 I- ?)f- >'^ 2 2 0 Lt 

tfo 

[0 0 6 3] i/:12i:i-S it* > * 'J ifttii AXP 2 8 
Oi^yn-by v > 7 h 2 0 0^O> * 'J SEttl^ 
Xff3 1 .0 14, E] 3 l-Tp^H^ iii:f-?^'^3 3 
0, 33 2 , 33 4, 336, 34 0, 342, 34 
4 , 3 4 6 &-£tr„ iifOiilC^-'JSIlJ'WSS 8 

oas^f-^yu^tA-, .m^t'JiftaiAxs 

70 30, 332, 334, 3 36, 340, 342, 34 
4, 3 4 6 8^<Ov'-f"<ZfrbZ-ixZ t iifri$.l 
tz^<r>X'hZ>o -«0 : ggc(:ov»Tli[l4 i^mLX'foi. 

[0 0 6 4 ] H 1 J:y-'!12 tcTps^^-yn-t -y v>?" 

Y 2 0 4 i>t)«f-?M , X2 2 414, ±l£n fefy 
K0f-j'^a2 2 4MtTfin tfy h (Of- 9 Ax 2 

2 4 L ££^tr<, ifcyn-t 7 -> > 7'--i..=. 7 h 2 0 6^ 
tb<7)-r- 7 AX 2 1 6 fcTOlC ±f£n fc* 7 K^f-J' 
AX 2 1 6M£Tf£n \£y Y <T>7- 9 AX 2 1 6 L £ £ 

20 

[0 0 6 5] 0 3 4r#H?.LT, COT'n-b 7 •> > .^i- 
7 h 2 0 014, lfttJAxp3 1 OCfSJtifc-tU?? 
350, 352, 354, 3 5 6 t, -tl^?5-3 5 0, 

3 52, 354, 356 Cyt&yb £ f- ? AX 2 1 6 , 2 
2 4 t^f^A^lcS^^n^-tU^^ 3 6.0, 3 6 

2 , 3 6 4, 3 6 6, 3 6 8, 3 7 0 h, -tl/^^36 
0 £ 3 6 2 tOtP^/ZATJI^lftitiS^ (MP 
Y) 3 8 Ot, *U?? 3 6 8 t 3 7 0 t Otby*jCK^ 
^ixtz2<}<nXt)i^i>^l Ofinatiff (ADD 0) 3 

JO 8 4t, -bly7? 3 6 4 t 3 6 6 t OtfSftC^Sttfc 
2^<0\f}i1ii?Z>k2<r>M8.& (ADD 1 ) 3 82 
fc, *ffS3 8 OO-fti-ftin fcf? HtIO,T.-;jMPM<!: 
MPLt, tn»S3 8 4, 3 8 2 <0ffi# t ll, 
&&t}T-9 ZVAH'r-9 ><X2 1 0 , 2 2 0 cO±fin 
t' y Fflf-^U 2 1 0Mi>«tU f 2 2 OMfc, Tfin 
k'y KOf-<"U2 1 0 Lti£V-'2 2 0 L t<7)^^i*il 
^CtUy^'^^^^O^ DXA-x -f 7f (CBS) 3 9 
2£, *fiCS3 8 0O2o<7)tb^MPM, MPLt, 2 
o<OtJD^f?3 8 2, 3 8 4ff)IHt3ti, A * 'J S&AX 

40 ^2 8 2 O4OC0^ ; e i ;#3iAX4 0 0, 4 0 2, 4 0 

4 , 4 0 6tf3^-f^UtB^t*/i*0-tU^ * (SE 
L W) 3 9 0 £ -t-U-75'390£y(* , J «jiA 
X400, 402, 404, 4 0 6 £ (tJrtl^tl-r- 9 
AX 4 10, 4 12, 4 14, 4 1 *L-C 

^a-XA-x-f y-7^3 9 2(4, -f-ft-Tft 2 n tf 7 
hcof-'5'^"X4 2 0, 4 2 2l-4>)f-?^U2 1 
0, 2 2 0Cgi?ilTt'5, f-?/a4 2 0W±fi 
nt' y h75 f 7 : '-.'5'/<X 2 1 OMC^^ctl, Tffintfy 
H , f-^^2 1 0 L(;SSt$^.rv^ 0 f-^yN'X 
50 4 2 2 0±(2 n tf 7 K t5 j 7 j - ^ /TX 2 2 0 MtC^JSS 
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ft, Tfen \L 7 Ytf^-VKTs 2 2 0 L !:iS?^T^ 

[0066] -fcU??350isJ:l/ f 35 4CDA?JUI2, . 
4l<Of-^>'X 3 3 0, 3 3 2, 3 3 4, 3 3 6tfZ 
Wfi?«i>4o ■tl'^? 3 5 2 , 3 5 6<7)A£l 
C(±, 4fficOr-^^'X 3 4 0, 342, 344, 34 
6 ri* -E- ft-fftStt £ ft T ^ * o 

[0 0 6 7] -bl/^^ 3 6 0(0-^OWi:ii-tW^^ 
3 5 O^thtsAmU^i^X^^o -tup* 3 6 0 Wjttl^ 
OA^mii,. f'-^X 2 2 4 0±fine'-y h<D7-9 
/<X 2 2 4MA f «$E$ftT^6 0 -tvn 3 6 
OA^UIi-trl-X ? 3 5 2 MW ! g|!Hti' > 4. -t 
3 6 2 cOilil^coX^lcli, r*-?/<7,2 1 6 0± 

(in tr -y b 2 i ei/jll^ntv^. 

[0 0 6 8] tl/?? 3 6 4, 3 6 6li-rft-rft3 Xtl 
X'*}Z> a -b ? 3 6 4 (O 1 ocOA^lUld, -feU^?3 
5 4 0m#^^£ftT^&o -t P ^ ? 3 6 4 <7)1tH<75 1 
ooA^li, 2 40_te:n kfy bcOr'- 

2 2 4M7^lS!£ft-r^£ 0 -tU9 9 3 6 4<OJ% 
^coiocDA^Cti, flD^f?3 8 2 0iUl)AD 1 jF&SE 
Jtitv>So -tl^? 9 3 6 6mAS«lo|:i±-t:V^5' 
3 5'6 0tBM«St?ft"C^ 0 -tV? ? 3 6 6 WlltOD 
Atl<0 1 o[ll±, 3 8 OOffift^ ^-hfin tf 

■/ HMPM^x. ibft& 0 tl/?J' 3 6 6^tl«lo 
OA^Uli, •f-?^<>.2 1 6<7)±f£n tf 7 bor-? 
/-ex 2 1 6MiifSJtiJ. 

[0 0 6 9] -tl/^ ? 3 6 8, 370 (i-J-ft-fft 4 A* 
7 3 6 8<7)ffn coAftKli, JJU&S3 
8 4 OtB^AD 0 75 ? 4-x.e>ft-2)o ^2<7)At)^<±, ■fcl' 
OOtB^^x'bft&o »3 WA^JKlif-* 
AX 2 2 4 WTfi n fcf -y b Of- 2 2 4 L rt^St 
£ft£<, SS4 0A^CI±» f-^/U 2 2 4 ?)±fint' 
y KOf-?/U2 2 4M//SS?Mo -tUf 9 37 
0 OS& 1 OAtHi, -fel-X? 3 5 20ffi7JC:«$c$ft 
-So *2«AAlif-^^«2 1 6 0Tfinfcf7 bOf 
-?/U2 1 6 LK&jgcSft&o »3<OA^(Cii*^t? 
MP Y 3 8 OOajOTfin tf y hMP L**#x <bft 
^4 OA^Ii-tl'? ? 3 5 6 Otli7J ft&o 

[0 0 7 0] *D&f?3 8 4 0*<r'J-ffi} t jfcSl]#&3 8 
2cOdr-r 'J-A^Jt^ffllCfi+^'J-th^X-f 7f 3 8 
e^Ixit^ftT^-So U - th^X'f -y-7- 3 8 6 (2, 

[0 0 7 1] 11 4 t#BH Lt, > * 'J #iiy<XP 2 8 2 
O4$«f-?'«4 0 0, 402, 404, 406 
i2, -f-ft-^ftf - ^^'J 270, 272, 274, 2 

7 6 CSS?ft4, -^v<-t i ;^m^<X^2 8 0!i8$ 
<7)> ^UlSUi^'X 2 9 0 - 2 9 7 t#fr 0 f-* 'J 

2 7 0 (2, ^ ";iStb/>'X 3 0 0 *5 £^'3 0 1 U £ •) J 
*'jffttti/'<X2 9 0, 2 9 1 i:lS?iil>o f-^^-t 

'J 2 7 2 (2, ^^tUl^m^'X 3 0 2, 3 0 3 l-<fc > * 



(12) »¥7 - 6 4 7 8 9 

'Jlftt ^X 2 9 2 , 2 9 3i:lt$Wo f- ? ;< 'J 
2 7 4 (i^'J^ttWX 3 0 4, 3 0 5 i- 1 *) S -•E'JfS 
if,/(7, 2 9 4, 2 9 5 {Z^'MZilZo t- 9 / * ') 2 7 
6li>*';^ffiy<x 3 0 6, 3 0 7!:i ^ * 'J !5£tB^* 
X 2 9 6, 2 9 7 C^S!?ft^o > * ') ffEU ><X 2 9 0 
- 2 9 7li-rft-Tft#ll£lT\ **';atH/*xSM 1 
0,312, 314. 3 1 6 t L'C12CS$W^D 
•fc'r>> ^-i- 7 F 2 0 0 , 202. 204, 206 C 

10 [0 0 7 2] m3l / zm2tLZ> , i%]$,Z : ti-tZ>7u-ty •>> 

[0 0 7 3] (1) f-^-t'^'bfftaiSftfcf- 
? [eJ±Offl"C"0 n X n tf 7 b n + n tf 7 b fln£ 0 

[0 0 7 4] (2) .f-^pt^ t;^f,|tai&ftfcT'- 
7 fc, f-^M'x 2 2 4Mifcl22 1 6 M±rt> ib-^X <b 
ft £ f - * t O fflCO n X n tf 7 b . n + n tf 7 b in 

[0 0 7 5] (3) f-?viX 2 2 4 Mi216M± 
Of- ? OSfl fco n X n t' 7 h n + n tf 7 b 1m 

20 % a 

[0 0 7 6] (4) ftg&3 8 OCOtB^-t^ft^ifS* 
C0±(inf7h (MPM) t, f-*/!X 2 2 4M..W 

n t*7 h (MP L) 'tf-?'U 2 2 4 LcOiCOf- *' 

[0 0 7 7] ( 5 ) *JMS*0±ffi n tf y h (MP 

frC0T&nt"7l> (MP L) i:?-'-5'^ ; e , J*'^07-'- 

JO -[0 0 7 8] (6) fggf«±fnt'7l' (MP 

m) fcflii#i?3 8 2 oin»ls*t<oHw*n», 

f )T(i n tf 7 h (MP L) fc inUS? 3 8 4 t 

[0079] (7) f-^U 2 2 4Mt2 2 4 Lt 
|:i f)StF!£ft.l> 2 nt*7 hSct7 : '-5'/<X2 1 6Mt 

2 l 6 L ti: l ^Smsft* 2 n t*7 h Set cofyjoin 
[0080] n i - in 4 izm s ft* 1 onjswi 

$n.S7'D-t7-tf-(co^, $i|^^?:WTi:lSiBfl-r*o - 
40 co^ionifefajcoMiJMaT'D-t-y^-r-ii, -g-vn-t-7 

y b H*tl£.Lt^^ -t 'J 2 6 0 , 262, 26 

4 , 2 6 6 (I2#.l) /6 ? H£^ftT^i> 0 

[0 0 8 1 ] S-T'a-b y •>> 7*^.-7 bcoif^^ii, f- 
5- A -=6 U Z®mt2>7- 9S*>) nn t ^ -/n -t 

^r<o^4-< ti2^i:»lH5. f- 7 * * 'J ffli-ftp 
12i:^?«3y bn-;U[51gS2 5 0. 2 

5 2, 2 5 4, 2 5 6 frbM&Or- ? ') 2 9 0, 
50 292,294, 296 (;-cft-fft : )g©c$ft^''<Xi:{ll 
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■ft eft*, i><r>-C$>Z> a iSffSflUM^oPTii^ g-n>]-n 
- )HalS&2 50, 252, 2 5 4, 256 *>6, ttfcn 
-fv -t v v > ^ ■/ h 2 0 0 , 2 0 2 , 2 0 4. 2 0 
6 U|d]t5'-9 /<Xt::iil7j£ft&o 

[ 0 0 8 2 ] H5 (a) li, f-*>* i ;SU'l»^-^^4 

3 0«fM4-^to r-f** i)MtHS^4 3 0I±, 

0 P 7 -f - ;i- K 4 3 2 h , s r c 0 , s r c 1 7 -f - ;U 
K 4 3 4 , 4 3 6 t, d s t 7 f K4 3 8 

fro 

[0 0 8 3] OP7 -r — ;U K 4 3 2 li, 7KU^-K /0 
OjaSE^T^ tfe^iWT'i^o srcO. srcl 

2 ocor KW7. ii^iBt Z>tz£><T) tWT'ilio d s t 7 
-<-;H-'4 3 8fi, r'-i'.j!* , n:#jitj , T'-^< 7 )7 K 

ux&j:tfWf?ffi73t>* v#&/<7>4 o o, 4 0 

2 , 4 0 4 , 4 0 6 ic0|Sj<7>&^3:flt5El-££<6CD*>O 

[0 0 8 4] E]5 (b) K, »»»«»*^4 5 0O 
ffM*^i-= «ff»*l»*ft*4 5 0li, £#-il&jMffll 
1"4^i6<0MPY7-f-^Ki:. SnffSADDl, AD 20 
D 0 £-ffl|ft|-r££*!>OADD 17f-*F, ADD 0 7 

1 -)l Kt, 8*C0^* MllttW* 290-297 
4§IOr-? £jI}R1-&£»or-*£f§lflt£ SEL 

[0 0 8 5] MPY7-f-^K(i, OP07f-*F4 
5 2i', src007i--^K454t, src017 
•f - ^ K 4 5 6 t , d s t 0 7 4 - )VV 4 5 8 t 
tfo ADD 1 7 -f -;u K(±, OP 1 7 -f K4 6 0 
h , srcl07-f-JH'4 6 2 t, s r c 1 1 7 -f - 

K 4 6 4 t , dstl7-r-U/K466i: A 50 

DD0 7 -f K(±, 0P27-f-*K4 6 8 t, sr 
c 2 0 7 -f -;u K4 7 0 t, s r c 2 1 7 -f -A- K4 7 
2fc, ds t27-f-^F4 7 4 ttt&o 

[0086] OP07^-;PK452t, O P 1 7 -f - 
^ K 4 6 0 t , O P 2 7 -f K 4 6 8 t (i, Ztlfil 

-So src 007 f-)l'R54t, src017^- 
*K4 5 6 t, srcl07^-;^'4 6 2 t, src 
1 17<-)l-K4 6 4 i > src207-f-*K470 
t, s r c 2 17 -f - >V K 4 7 2 t [£, #i£#&<0 A 73 40 

Kfsit tj ttfe-t v ? ? £ wan-* tz&oT- >? zfam-r 

Z>o dst07-f-^K4 5 8 t d s t 1 7 ^ - )V K 

4 6 6fc, ds t 2 7-f-*K4 7 4 tli, #igSt 

■3 9 2 (@3#P.8) £ftljfflt*£*c9 7'- : $'$:tefflt 

[0 0 8 7] SEL7^-)lKtt, SEL07-f-*K 
4 7 6 t, SEL17-f-)l-K4 7 8 t 1 SEL27Y 
- )V K 4 8 0 t , SEL37^-^K4 8 2 t 
&7 -f Kli, ^tL-PtL8^<7)^--e'JIStti^'7,^P 3 1 50 



tTpjfl-F 7 - 6 4 7 8 9 

1B*jaWt4^*Wf - fit&ffli-So Lfci'otSE 
L 7 f -;u KC J: *) 4 owf-y«Jii5 t 
[0 0 8 8] 0 5 (b) i:^etL-B7 -f K^T *», 
d s t 0 7 ^ -)l K4 5 8 l±, H^n LTn&i^S £>U 
2 |1<7)7 -f-^K.ds t 0 0 7 -f - >l K t d s t 0 1 7 
1" -)l KtCfrSIStU -etl-fn^ffMP Y0 2OW 

[0 0 8 9] 05 (b) i:^?tl57'( K4 5 4, 
4 5 6 , 4 5 8 (±j£O2o<07-f-^ Kd s t 0 0, 
dstOl) t , 7 ^ - A/ K 4 6 2 , 4 64, 466, 
4 7 0 , 4 7 2, 4 7 4 i tCteiSflStl&f -?<9fflt, 

S-Sl O^^TFtc 
[0 0 9 0] 
[«1] 



s r c 0 0 


A /J 1? *i 


0 


y -eM 


1 


t-!?'<7. 2 2 4 M 



[*2$] 



s r c 0 I 


A 73 <S 


0 




1 


f-?^2 1 6M 



[0 0 9 1 ] 
1*2] 
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(14) 



7-647 



25 



[W3«] 



d s t. 0 0 


ill jj ft 


0 0 


-r- 2 1 OM 


0 1 


-r-?'<X2 1 0 L 


1 0 


■r-9><XZ 2 OM 


I 1 


2 2 0 L 



.[*4«] 



[0 0 9 2] 
1*3] 



d s t 0 1 


Hi J) ft 


0 0 


r-*>'<Xl l OM 


0 1 


-r-9/<X2 I 0 L • 


1 0 


f-?A'x2 2 OM 


1 1 


r-^"<X 2 2 0 L 



70 



20 



JO 



s r c 0 0 


A -h fir V 


0 0 


AD I 


0 I 


/•Tr'J 


l 0 


2 2 4 M 


I I 





[$615] 



s r c l l 


A 11 « !r * 


0 0 




0 l 


MPM 


l 0 


■f-j"<X2 I 6M 


l I 





d s t l 


IH 3>J it 


0 0 


r-j'-'US l OM 


0 l 


f-?^X2 l 0 L 


l 0 


2 OM 


I l 


f-9'<7.2 2 0 L 



[0 0 9 3] 



(15) 



5 


27 


s r c 2 0 


A ± ffl 


0 0 


ADO 


0 1 




1 0 


2 2 4 L 


1 1 


■r-*'<X 2 2 4 M 



s r c 2 1 


A * » 


0 0 




0 1 


MPM 


1 0 


1 6M 


1 1 





cmi o at] 



d s t 2 


U! JJ it 


0 0 . 


f-^<X2 1 OM 


0 1 . 


2 1 0 L 


1 0 


r-?^'X2 2 OM 


1 1 


f-i r ' <! X2 2 0 L 


a) IZTfiZtiZ d s t 7 -f K4 3 8 lis 



JO 



tC3o(7)7^ KPUSiR7-f K4 4 0 hs SE 
LW-JilJffll7-Y -)V K4 4 2 ts #&T Y U Zf$fc7 < - 
;UK4 4 4 i: Sit 3 0 Ctie.7-1- -;u K coot, 7 
-f - ;u K 4 4 0 , 4 4 2 li^fit <E> 2 kf v h gT'& -5> 0 
^tl"bO7^-^K440s 442 ICteffi § it* ~ ? 
Ottis g-'IftUi f9il^i?itsya-t:7 h 40 

t, SELWlCfc OSlRSit^^^Som^tO-g 
£-&co§n 1 ^fc <fc tffc 1 

[0 0 9 4 ] 

[IS 5] 



WwW 7 - 6 4 7 8 9 

25 

[35 1 1 



PUiS^7-f-^l 1- 


Sfl'tPU 


0 0 


PU 0 0 


0 1 


PU 0 1 


1 0 


PL! 1 0 


1 1 


PU 1 1 



[HI 2*] 



SELWI&flffll?* -A-K 




0 0 


MPM 


0 1 


MP L 


1 0 


AD 1 


1 1 


ADO 



U2t:^$it*n> hn-;u|nlg§2 5 Os 2 5 2 , 25 
4s 2 5 6l±s H5s 1116 IZTfiZiX&fr'frl-tiiiX, & 

[0 0 9 5] 12 6 H2 (C77<i?it^^^>*'J 2 6 
0, 2 6 2 s 2 6 4s 2 6 6^O^<0tSffl^Sr^ 
"To H6UiJ^-r TMCNTJ T'^Sit^c^lif-^^ 
* , ;iW«*^"e*'3. rPCNTj T?^3fi4*)l±« 
«SSUM^^-r**-&o ifr^*') 2 6 Oli, 36$Wi: 
14^4 9 0J3<tO"*4 9 2 it* ± 9 C . ±iEOf' 
- * * * 'J t «itS»Hflif^ t L -c 

te^-f&c IH6 CiS^Tifc^-^U 2 1 6<D^m^t 

(100, 101s 102, 103) liifr^.* * 
2 6 0(07 KUX^t. 13 6 I; Sit -Mill fli 1 0 0 
f»i:MCNT^4 9 Ort r , lOlfiCPCNT^ 
t4 9 2 7) ? -e-tL^it^$itrv^ 0 -fafyAi]^> 
9 7 YV^tf ri 0 OJ tJ&LTi/^^tcli, *C9& 
^tUl 0 0 IMtfcW C N T fSH* 4 9 0 ^iftffi £ it& C: 

[0 0 9 6] fllraiOJ: t (;^yf:WHIi^li-r-'-*'> * 
U MIV^^M CNTt jftltllMW^fr^ P C N T 1 £ 

**** ») #»*s^o ;uj*ft-& i ow* 

[*I#!ifll*Ii;-)t/ilt^-ritlfJ: < , -r-^crjfiat 
^tf-^i* 'JOT KU^OASrHS^MLfv^ C 



-15- 



29- 

1.0 2 , 1 0 3 aT-C7r^ix.i X 1 1C MCNT^4 
9 4, 4 9 6 i'M'titLtfr-fr* 2 6 0 Cteffl LT& 

< o mn^i^immm p c n t * 

(5i uafjtflsfctft o ii L^ff-r * 0 
[0097] wt, com i ommwwii&mm-fv* 

coffluisn-C, ^7"o-t7y7/J.i7 M*]co-bU-;7 

[0 0 9 8] H7li, ^^o-t-y v>yj--y h 2 0 
0, 2 0 2 , 2 0 4 , 2 0 6 ■eft-FMfctC n kf y 
httKoaMctfifi'T T'n-fr 
■ 7 -> > ya; -v h m iWrfilr h r- liftffl L 
^„ #7'n -t'r// yi- yhPUOO-PUlO (2 
4 0, 2 4 2 > 2 4 4 , 2 4 6) TxJ lift 

Its*, r+j ttimflcst-tfL-rn^Tro 

[0 0 9 9 ] /n-fcvy^'ii? h 2 0 0 13« 

f'-i'-e*So-*JtS<inXntry MR*?* v , -^<0 
ffl#li2nfcf-v hT**So .KOfflcoJi^-lCti, ffegfyCO 
tU7JW T *>C0±fi: n kf 7 h i fcli 2 n kf 7 h UA*!*^ 
£ff £ o £&CD n kf 7 h £ f - ? y< * 'j U tlJft-f * 
iTi:13C^SW-fcl/??SELW3 9 O^KtSS 

[0100] -t 7 v > yji- 7 h 2 0 2 2 0 41: 

*>, tttSW^ffl^-bV^^ -r'- 5- ^ * 'i 
c,<7)f'-^4rSiR-f-&«tT^K5£?^ , '^o 7'n-fc-y 
-yyyzL=.y h 2 0 6T*li, WilSffiifcftT^ 

kf y l>7^D3ISC0-yjC0Ay^4;L^fi, flngSOtiift 

[0 10 1] 07Kip$ii*«tt0l]-ei±, £7n-ky> 
y^-x^y M>f> (Officii, ^ j e , ;t&^4 0 0, 4 
02, 404, 406 (H3#SB) JfLTf-?> ; E 

OiU^A 5 ', ^*')tMX4 0 0, 4 0 2 , 4 0 4 , 4 

■ r »ya;7 hco-tP^^ SELW3 9 OAWPStt 

[0 1 0 2] H8ii, a tfy h CO ffc#)C * tf ?t 7 

J#£-CO , C CO H Jgffll CO ® S 7' D -t -y -*f CO -r - ? / * X 



(16) tela 2 ? 7 - 6 '4 7 8 9 

JO 

t-t&o -r-? aC0±fin tfy l-iTEn M-j Yti'c 
ixt'il a 1 , a 0 t ftfr-fo f- 9 b 0±fcV: n tf 7 h t 
T(2n If 7 1- t t-f-ft-fft b 1 , bOt LtSfcto 1" 
-Si:^ TaXbJ li-^co «t -) CSttSo 
[0103] ( a 0 + a 1 ) X (bO + bl) 
= a 0 X b 0 
+ a 0 X b 1 
+ a 1 X b 0 ' 
10 + a 1 X b 1 

2 n t: -y !-aiB|±i7)*^:a X b li, 4lBOn 
kf 7 M&ll±cOftS a 0 X b 0 . aOXbl, alXb 
0, alXbl^SUl>t^i:&)StHo 18C 
TT^ft&ffifrcWi, 2 n tf y h«0 2OO&a, b &±(£ 
nkfy K Tttnt'7 MC#»LT±iEt0tl1$&fi : $: : ? 

[0104] UT, &7"n-t -y •> > ^'o.^ 7 h ri i-:^ 

ji - 7 h rtOt)D^:f|<0 o *>^Ei)7!) f A DDI, tri|-/4 ? A D 
20 DOti^i, 

[ 0 1 0 5 ] ~tu -t y > > 7 F 2 0 0 T?l±, 

S<7)2 otoA^Clif- ^ y< : t'J frb<?>2 oof- ?7i f 

^J<0 2 n kf 7 h CO *>±(S n k: 7 h A*, f - ^ ><X 2 1 
0 L*^LT yn-t-y y > 7'^--7 h 2 0 2 OtraH^A 
DD0c0-7jC0A*t:»SS$H^ o ynt'r/^*^ 
7 f- 2 0 o<oin»ADD 1 w-yjXy^u(±, 
»ADD 1 BJ»Offi*Jd , 88lS*i*o 1l!l7j<7)A^^li, 
t'-9j<7.2 1 6M4:^LT', T'D-t 7 •> > ^ 7 K 
50 2 0 1 <7)ffl^^ftffi$n*o ^n-tv 

v>y'a--7 h 2 0 0 C0tt]3?3!AD D 0 C0-7j<7) Atli: 

-^/<7, 2 1 6L*^LT, 7*n-tyy>7*a-7 H2 
0 6OflU||^ADD0Om#75 f ftigE£;a&o tfl^SIAD 
DO^fjO^fA-'J-C (ii)U#S A D D 1 CO * \ ') - A7J 

[0 1 0 6] 7"n-fc y ->y^i^7 h 2 0 2 Clio^T 
li, *»fl<!0 2o«0A*U, •g-iL-rtJ-f- ^ 
<0 2oco-f'-^75 f 4x.'btL^ i 0 H-t U ^ ^rit&SeS*!. 
40 *o m^Sf(0 2 nkf y MH^O ^ *>±& n kf 7 Hi^n 
-t7->>^-7 h 2 0 2 cotm^SIADD 1 cOAy^co- 

r 0 J t^k.hfli> a ■yu-ty-yyyzLZLy h 2 0 2 CO 
tS^ADD 1 cottJtJli, f-^/U2 12M^i|-LT 
7*n -t 7 -> > yo.^ 7 1- 2 0 4 coiD##A D D 1 CO A* 
cO-yTi;«i!$^t-2)o 7"n-b y->>^-7 h 2 0 2 co 
)JD»t? A D D 0 coA/jco— 7j Cl± . 7*n -t 7 •> > J^i- 
7 h 2 0 2 coftjtSOTffin tf 7 h "stt^o fSlyJ 
<J3At»(-li, -SfriicotioO, 7'n-t7y>^-7 h 2 
50 0 0<O*^lfyC0ttly^C0Jif2n k: 7 h ^ x. <b tL & 0 T/n 
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■t ■■/ v yyz-- -yi- 2 0 2 ni;v>x <f> , iraSSA ddo 
<n*\ ') —c (iin^flA ddi r-5-z.bii2>o 

[01 0 7] 7'n-t 7 v y b 2 0 4 dfc^T 

f---^75 ? 4x.en^o *&3?C0 2 n tf-y b Officio H 
_hfin t*7 HitDJtSADD 1 O^O-^CfiS? 
ft, ""Flint? 7 HiJp»SADD0W-*OA*(:*ai- 
£ft£o SPgSADD 1 (OmUcOXJjli, t-^U2 
1 2M^*Lt^D-t77>/i-7 b 2 0 2CDSPgfi 
ADD 1 0)fflflK#Sfc$ft&o *P|fS?ADD 0 OfiUyjcO 
A7}li, t-'-?/<*2 1 2 L^:v>Lt7 , D-t7-//^ 

- y b 2 o 2<otjn3rSADDOoai;m:&$c£ft&° An 

gffADDOW+tU - m^jCliSngflADD 1 U4i 
f>ft&o SPgffADDl Officii, f->/<X2 1 4 L 
^^LT-Zn-b-y ->> 7-0.^7 b 2 0 6 cOtjnJT§?A D D 

[0 10 8] 7'n-t: 7 ; />y3--y b 2 0 6 

g©«i<0 -5 £'±ffi n k* 7 b I»I1»A D D 1 <7>-7j O 
X*U4x.<b*L4. TtnfyHWSfADDOff)- 
*X*U*«$*L* 0 Jp»#ADDl<0lfe*<OX*Uli 

l±, fr®c>).fc-H:.7'-?><X2 1 4 L £v> LT 7'n -t y 
-> 7 b 2 0 4 WtJPffSADD 1 coffiy^Jg^? 

ft&o in^fSADDOWtLi^lif'-?^"^ 216LH 
Ltyn-t7-//^-7 1-2 0 OOSpgflADD 0<D 
-^•OA^l^SE^ftSo DDSSfADD 1 OffiytHir'- 
#/«2 1 6M^LT7'Dt7y>^-^ b 2 0 0 
cOfiPgfyADD 1 «-^A^i:lS?H.J. *P$£ffA 
DDOO + ^-ffi*^ tnHtSADDlO+^'J-A 
^Jic4x."bft* 0 
[0 10 9] H8H^?ft&ffi^Uiiv>T, itgliHT 
fiOfc'y b ^031*3?^ "bPlfeSft&o 7 , D-t7->>^'J- 
-7h 2 0 0< l )iMi:i±. -r-^>*'J^^±iE(7)a 

0 &£tfbo ZZfiZ'tiS-Z-Zo -fa-tv ->>?x.-v 
b 2 0 2 co*s#Sf ICIi, 7 ^ * 'J SriLtiiEW a 

1 joi^'bo ^-5-ft'?-*ft- ! 5-X.^o yo-tyyV^a-v 
b 2 0 4 co^g^tcii, v"-?;^ v^f> ao fcit/b 
i iftifn^x.^. 7°n-t yv-V^-7 h 2 0 6<0 

[0 110] T'D-tT/y/i-'? b 2 0 0 lCJ3tt&* 
^*<0±fS n t* 7 b#, f-?'«2 1 OL^-^LT 
7'n -b 7 -> > 7*-3-- 7 1- 2 0 2 OiJltfti* A DDO l^ji^ 
ft£ 0 t'-^A^2 1 0 Ll±, r-*-^/^2 1 OOTffi 
ntf-y Y-Qhbo ^^<T>±.\tn\£ v bfcf-^AX 
OTffinkf-y b Uffi#T-£> t ^ - t li, ^Sfi^U'f- 
? £ n t* y b Tffit- ;/7bLfcCfcfc |b]^-C*> S o 

[ 0 1 1 1 ] 7°n -t y -> > 7' 7 b 2 0 2 <0 2 "J CO M 



(17) 1*|8¥7 - 6 4 7 8 9 

-?2 

ggADDO, ADDreii, *&f?G0*SH*§* a i X 
bo i, ntf y |-Tfi!:y7h$n/:ao xbo t«0ffl 
C02 ntf y bOflng&8.rt 5 'fT& ; bft&- tUi'Sc ttllf 
|gf:^±en t" 7 h(±r-7^'X 2 1 2 M^rLT7'D 
-b 7 v > /i- 7 F 2 0 4i:, Tf£ n fcf 7 b lif- 9 
7, 2 1 2 L £y> LT 7'n-t 7 yy/i-'v h 2 0 4 (:f 
iimi^Wo -f&fc^coti f-^y7 h 

[0 1 1 2 ] 7'n-t 7 v > 7-3-- 7 1- 2 0 4 coft-gS?^ 
;o Ay^Sbco-twy- 7ii, -r-? t^^frbtn-r- 9 ao 

ft& 0 *gf£cOffi*co ,ib±fint:7 KiWADD 
lie, TSnfcf y bliljpg&ADD 0 t:-5-ft-rft4x.'b 
ft & 0 7'n -t 7 -> > /J-i y b 2 0 4 co 2 oOlfflgSfy 
H-Cli+A' U -CDAftyWT4-;bft&£<6, J!)P»f?AD 
D 0 t *P^f?A DDltli, 7"n -t 7 -> > 7"J-- 7 I- 2 
0 2«ffi7jt4 2nt'y hWf-^CitLTao Xbi 

ZimirZ> 2 n t"-y hingL&Sfcff&To tJP^tea^i 

&n tfy hCO** { f- ^y<X 2 14 LSr^LT7"D-ty 
20 ->>7*i-7 h 2 0 6t:4x.<bft*o 

[0 113] 7°n-fe7 yy/i-7 h 2 0 6 coSsggfcO 
AytJ^Ufxlt'ift^-tl^^ ?ti. W^CjCO 
-T-'-^ai fci^bi Sr*#S<0 2owX*U**l-E'ii 

tfv HiiflffSADD 1 l^xfjft&o T&ntf7 K± 
tH*SADD0C#A^5c 7"D-fc7->>yj.-7 h 
2 0 4 T-tT4-*>ftfct!Pff*S*<7)-tte n b* 7 h * f f - ^ ^' 
X2 1 40T<in tf7 h?ftjf-?'U 2 1 4 L&y> 
L T^gM n tf 7 I- TyVl- > "7 1- £ ftT 7'n -t 7 v > 
J0 7J--7 h 2 0 6 coSP#f?ADD0^4x.e>ft-5>o L7t 
"CT'o-t 7 v 7 h 2 0 6 "Cl±, nt' /H 

v 7 h $ ftfc 7'n -t 7 v > 7 b 2 0 6 coffin 
|;?c,i:ai X b 1 1-SPltt ^ 2 n k: 7 b (OflPSffifflri* 

[0 114] J-J.±C0J: li:Lt, 2 n tf-y MBJ±cO|S:a 
x b co*3ff*g»5v ? , &7 n 7 7 r i: 7"n -fc 7 -> > 7 J- 
- 7 b 2 0 6 C0*p^ffffi7jict#^ft^o 

[0 115] ?fbi:®fni^#4i-^^^ii, HI8i:^ 

6 ft S i T iz 7'n -t -y -> > f jl- 7 b 2 0 6 <9jtJP#SI A 
40 D D 0 i3 i f>'ADD 1 coffiy^ii, ^ft-Tft-r- 7 2 

1 6 Lfc±0 f 2 1 6MHLtyn-t7 y>^-7 b 

2 0 0 OiP^HA D D 0 H I V s A D D 1 lC^ft-?ft4x 

fbft^o 

[0 116] ^coH8t:^£ft&&^U-?fi, 2 nkf y 
bffiS*^* 1 }?^^^^. -r^fCtO*.»St"/D-l:7 •> 
> 7*j.r: 7b202, 204,2 06 C-^i ft Sijpftf? 
h//-£-ST'3b-2>o -Wh |[W|B#IC, T'D-tjyy^ 

7 b 2 0 0W|)IIISi:U2 n tf y bfflKjS^^^ft 1 

L^^oT>IcoS^J-ei±w<7)7'n-b-yt)-li2 n 
50 t:*7 bfflffico 1 ®<r>m&t 2 n t:*7 bffiJ&o 1 Eco/ju^: 
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ti^^WftrntX^^o 191:, z<r>mmm<?>-?u 
-t-z + nip^r^ ftt C&&y - ') tiffl^f) 
it 4 / * ? 7 7 i i$M £ ff 4: T t» £ * * + o it & 
link: 7 l-fBJgt-t&o *<»y'?'(m#Vtt. 30(7)|S 
3t&a< b. cOHC, c + a X b t c - a X b'C-St> 

b , c O^^STk a i, b i, c i £W\£ < a , b, c 
j Sr*3&*ttt-r*t, a, b. cti^ft-T 

[0117] a=ar+j • a i 
b = b r + j • b i 
c = c r + j • c i 
c+aXbtc-aXbil±, 

[0 118] 

cr+(arXbr-aiXbi) — (. 1 ) 

ci + (arXbi+aiXbr) - (2) 

cr-(arXbr-aiXbi) - (3) 

ci - (arXbi+aiXbr) - (4) 

zmt (i) - (4) fztbizu.* i>it±4[n 

[01 19] H 9 &#BB. Lt, -/n -t 7 -> > 7 b 
2 0 OKiJ^TIi; Sfc^^ooA^lif-'-*.** 
'J 75>6C0 2 oco-r- ^T^ft-f-'ti-^-x.'btt&o T'n-fc 7 
-> > ^j.^ yl-2 0 0 WSD^ADD 1 <D—lJ(OXt>l'~ 
li^Scoffi^Jco±1£n tf -y b rt\ It&TjWAftUlif-'" 
*A* 2 2 4M* 1 -?-*L-€'it«iRStL4o SDgtfADDl 
coai^lif-^^'^ 2 2 0Mt:«fE£*l£o 

[0120] 7"n -fc 7 -> > r 7 b 2 0 2 OSIgSfO 
2 ogdATJKI^ t'— J' ^ * ^*beo 2 oco-r- ? 75 s -!?- 
x.<b;ft£o -/n-fe y -> y>fa.-"j Y 2 0 2 Oft]|£3?A D 
D 1 <7>A*^>-*^fi*»Swai*<0±fin fcf-y b/A 
1fe^i7)Ay^^lif-*-^/^ 2 2 6M75 s -?-tL-rtiftS$iX 
-So MgADD 1 <7)tiJ*(±T'-^/<^ 2 2 2 

[0121] fn-t'r/V' 7 Y 2 0 4 W^fJgyO 
2 ocoA*(;i±> f-^t'J^WSonf-? 
tL-PtL^-x.ib*i.a 0 ftgflcoffiftco.tfiinkfy bfir'- 
^;U2 2 4M4irU7'D-t7y>/i-7 b 2 0 0 
Ciajti^o, yn-tr-y ->>^J--7 b2 0 4 Wttlflgf 
ADD10-*©Aflli, f-?;U 2 2 0MHU 
7-n-t-y ->>^J.- y b 2 0 0 K^Sft^o JJDHifA 
DD 1 cDflfe-frcoAtJKIi, f'-?^ U^Ox-:?;^ 
^-x.e>tv*c, Sn^f? A D D 0 coXJ] i> - tJP#3*ADDl 
OAfti&SKlSHSft&o ■ 

[0 12 2] T'n-fc 7 i, > y 3. =. Y 2 0 6 W^jfflO 
2 0(7)Xy l 3UI±, -f-y >*'J^6<02o(7)f-5'« 



(18) ^P^^P 7 - 6 4 7 8 9 

ft-ril-^-X'c.nSo ^ggfOtfTy^-tfin k: 7 bli-r- 
^;!X 2 2 6M^LtVn-t7'>/^'y b 2 0 2 
ClfMSit^o -/n-t-y ->>^a.-7 b 2 0 6C0 2OO 
tlDfttlADDO^ ADDlwWnw-WAAliT' 

- ? / vX 2 2 2 M£t> I T 7n -t 7 y > 73-- 7 I- 2 0 

- * > * 'J f> W r - 9 7j«* a K ^ tL * o 

[0 1 2 3] 7*n-t yv>y-J--7 b 2 0 4 fciO^ 0 
6<0&^CJ3V>T. 21@<7)flD3rS?ADD 0£ <fclKADD 
/0 lO-^llfc^Tliang&S^ HH^HiiV^TJiilSftte 

[0 12 4] iigc^sti^iT^^MStt^yn-t y 
-ft:, ^J:ii:f , -}'t4ii-J:(:J;>) 1 yn-t'7 
i/y^J-- y l- 204i5J:y f 20 e^in^offiy 1 ; t L 
T> -?-tT.-P'tL cr + (ar • br-a i ■ b i) JiiO' 
cr-(ar-br-ai-bi) t , c i + ( a r • 
b i + a i • b r) JJi^'c i - (a r • b i + a i • 
b r) ^#t>tL* 0 

[0125] 7*n * 7 v > ^J-- 7 h 2 0 0 CO*#SO 
20 2ocoX*i:li, f-J' ji-tO^ib^-it^la r, br 
i*3-x.Z> a -fa-bv y>f3.-y Y 2 0 2<OiP«2 
oOXy^t-li^ f-^>* , ;^ib^tt-?'tLa r> b i $r 

(OA^J^Ii. f-rt^eVfrb-Ztl-t'tla i. b i £4 
7'D-fcr>/^-7 h 2 0 4 C0 2O(7)Jp^A 
DD0, ADD 1 <nX?}<D—~}j(-lt^ r-7 t^'lfrb 
c r £#x_&o 7 , n-h7 y>7-3--7 h 2 0 6<7>3&#fl 

i, b r 7"n-t7->>^-7 1- 2 0 6 Win 

50 MADDOiUtKADD 1 C0A:frO-:fr Cli, r'- ^ 

[0126] 7'n -t 7 -> > ^ J.- 7 h 2 0 4 0*J$S^ 
ij/nt'/yy^a- y b 2 0 0-^li, -r-?'<x2 2 
4Mt^Lta i • b i 75 ? #x.ibttS 0 7" n -fc 7 •> > ^ 
J.-7 I- 2 0 0OJn^H^ | 5 7'n-t7->>'^^--7 h 2 

0 4 -Mi, f-y/U2 2 0M*^Lta r • b r - a 

1 • b i i)'5-thixh a yn-t-y ->>^j.i 7 h 2 0 4 
<D2^<r>hW%^X'\t, crtar-br-ai •bin 

(1) jjJilK (3) 7^#<btl&o 

[0 12 7] 7"n-fc y ->>^jl^ y h 2 0 60^gcf?75> 
t>(±, f-?^*7.2 2 6Mt^Lta i • b r75 ? Vn-fc 
■y V 'yya.- 7 b 2 0 2 l-4x6ti^ 0 7*n-b-y>>^ 
i— 7 b 2 0 2 COSO^S?ADD 1 l±, a r • b i + a i 
• b r iihti-f&o ZCOiH-Jj^r-9^^ 2 2 2M&tf- 
L r 7'n -fc 7 •> > 73.- 7 b 2 0 6 <D 2 o WJjp|f.Stc# 
lhft.Z><, 7n-fc y->>r^-=-7 b 2 0 6<02O«t0» 
SW-Jfli citar - bi+ai 'brt O BflcOtlU 
50 gCtf*, 1lfiy^r-(ii)j!i»^T ) 5.-t?n-5o LWoTT'D-t'? 
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(19) 

35 

■>>'/ai7 1-2 0 6<02 ■onm&'&'nihtlt Lt, ± 
:S<7)5t (2) JSitf (4) TWbft&o 
[0 12 8] -OpIJUJoV'Tt, 7*n-b7->>7' 

7 1- 2 0 6, 2 0 4 <nm&&<r>lii?)-tZ> 2 n fc* 7 b 

[0 12 9] 110i:> nt'7 hffiJSOSfinSUtSrfTfr 
7*&£-0, iOT'D-fc ■y^rtC0 7'n-t 7 v > 7*.x.=. 7 b 
fflWf-^Uigi^f 0 a i • b i * i fc^-ftS* 
& h ISffi. t h li >■ - <0 7°n -b W -/ d -b -y -> > 
h ^ 4 1B^"tr^:*t>i-. 4.Jfiig.f3:-T : lT& T - t # 

[ o i 3 o ] 7*0 -t 7 ■> > ^j.- 7 h 2 o o <om&f& <r> 

Ibtl&o 7"D-t7y/i''i-7F 2 0 0»*SM 

^tttnh'v HiflllgSADD 1 <7>-?j ^Aftt:-^*- 

72 2 4Mt:&fc£ft£o in&SfADD 1 OtK^ti, f 
-?/<X 2 2 0Miii-LT7 , nt7y>ri-7 b 2 0 
4 C&igESti&o 

[ 0 1 3 1 ] 7"n -b 7 •> > ^ 7 b 2 0 2 O.fHgS<0 
2 o<0 A:fr i: li , f-*> ; E l J*f)W2o«f-? 7j 5 '-e 
tlWL$x.t!>1X&, *»S»tU*l±*n*»ADD lWA 
lW-mzm®.ZK-Z>o tlD^D? A D D ] coldiTjCOAtlU 
li, f-?^'* 2 2 6M75 ? «l*Mi£o flngffADDl 
CDttiT^li, f-^«2 1 2Mt^LT7'D-fc7 ->>^" 
a--7h 2 0 4 H^Stt^o 

[0132] -/n -b 7 -> > 7^-=- 7 b 2 0 4 0^^§yi7) 

x.hnh„ #jrsom*w±en tf 7 m±, r-?A7, 

2 2 4MHhLT7'D-t7 ->>?\3.^7 b 2 0 0 <9J||]# 

J--7 b 2 0 4 (DflDlfffADD 1 cD-^CDA^iiT'-? 

2 1 2 Mil, ^WAftii-r- ? A* 2 2 0 Mi:-?" 
it-fiiftiBlStlio Sn»»ADD10>atfjlif'-*AX 
2 1 4M£^LT7'n-b7 -> > ;7\x- 7 b 2 0 6 U^S! 

[0133] 7*n-k 7 •> y 73-=- 7 b 2 0 6 CO*#SO 
2 oOA#i:li, f-^ ; e i J*?)(?)2 oi7)r- 

2 6M*^LT-7"n-t7 v^^JL-7 b 2 0 2 <7)*n#Sf 
ADD 1 coAtlco-TjCftS^ft&c, yn-t-yv-VJ'-J. 
-y b 2 0 6 Otn&ff A D D 1 CO— ^A^Hir'-:*'** 
2 1 4M£tf-LT7'n-t7 yV^7 b 2 0 4 t:g*£ 
£ft& 0 ^*<7)A^li> Sn&gjADD 1 &%<Dft1JI,z& 

[0 13 4] HI 0i:^£*i£J:^:®^£ft£7'n-b 
7 -t-C-li, %.<r> i-ji:Ltnt'7l- WmnffiWmntfft 



ftmW- 7 - 6 4 7 8 9 

36 

[0135] "/a -t 7 -> > 7* 7 b 2 0 0 , 2 0 2, 

2 0 4, 2 0 61:, xix^X'f- 9 /■ -t ') frb (ao , 
bo), ( a 1 , b i ) , ( a 2 , b 2 ) , ( a 3 , b 

3 ) T'n-fc y ->> 7-J-- :/ b 2 0 0, 2 0 

2 , 2 0 4, 2 0 6 OS-^HWfcU^j t Ltao bo , a 

1 bi , a2 b2 , as b3 tf-Ztl-Zfil&bfL&a 
[0136] 7'n -b 7 -> > ya- 7 b 2 0 0 coffin t L 

Tao bo +a2 ba 7"n -t y •> > if=L- 7 b 2 0 
2coai7^t LTai bi +as b3 7i { -rti-c:h-f$'bft 
70 ;ii.f)li7'o-t7 ->>t"J--7 b 2 0 4<7>tt)#fsA 
DD 1 -ejffl#£;f'U ao bo + ai bi +a2 b2 + a 

3 b 3 tf%<o*iZ><, ;?)W:iii>tfc, 

2 ntfy Hi, ini»St:A*$*i4fllrt:a^iA»Sl* 
Ci 0 n tf 7 b^-A^etv^^cot-f^o 

[0 13 7] mi 1 (±, CO^Wco^o-t 7-tH:£i> 

r n tr 7 b m&^mmtm^-nm- <t ^ 4- t 

l±, tw^*f#t^7t 0 -ti^WLill 1 t:?p 
$n^«MT-(i, aui , bi + i (±, ai , bi «t *) 
20 1 ?d 7 7t"oii^x-rAti$n-5)J:Ti:$tn:^'-2>o -c 
OIS*, &7*n-b7 =yy >?3-=.--j bOffi^t LT(±, 1 

• rtC/Dty v> '^^--7 b 2 0 0 e>il)#3ittl}j , i:f# 

[0 1 3 8] ill 1 C^$n*^^l±^«0 «t o 
i>5 0 7*n-tv •>> -y^L-y b 2 0 0 CJo^TIi, 
S0 2c>(7)A^J(:t±, 7 v -5'^- : E , ;75^c0 2oc07 : -'-5' 
(ao , bo ) if^khixho #^?ltt , .t)<7)±fi n 15 7 
b (i 7'n -b 7 -> > 7 b 2 0 2 O'ttliifsA DD ) W 
30 -?j<7>A2H:«&$;K.Tv>&o 7 - n-b 7 •> > J^i- 7 b 
2 0 OcDtDHSffADD 1 <7)-^A*(i, T-?'a21 
6Mi:«S$^T^4o 11!1^<7)A*I±, »§JADD1 
i#om^t:1gSSStLTv»&„ 
[0 13 9] 7 , n-t7V>/i-7 b 2 0 2 Ci3^T. 
*^t?O2oc0A^Jt:ii, -T-? .**: , )frb<r)2-O<07' 
-9 (ai , bi ) ^4x<btv*o *«Sitl^W±fin 
b* 7 b t± 7"n -b 7 -> > ^ 7 b 2 0 2 <0 Jn»S A D D 

msiwxtiiclgjiit^io ccojn^s? add 1 

coffi7:coA^(±, fTiiE'7)J;Ti:7'D-b7->>^-3--7 b 
40 2 0 0cD*#§?C0tU7 l J<7)±'(4n fcf 7 b CSf&S ftT^ 
1JD»SIADD 1 WffiTJli, f-^M'7,2 1 2MC« 

[0 14 0] 7"n-b7 ->>^J-^7 b 2 0 4 i:^v^T, 
^^fy«0 2 o<75X^li:i±, 7"- # ^ * U ^ "b O 2 o«)f 

-9 (a 2 , b2 ) **#x.e>ii*. »»:ff^tti*<o±fi 

n tf 7 b li, 7'n -b 7 > > .7*^-- 7 b 2 0 4 Oill^S A 
DD 1 co-/3C0A*C«^?^^o flngffADDl Oil!! 
'/jOATJli, r-'-^/<^2 1 2MifrLX-fzHzv>> 
?3.=.y b 2 0 2<Otjn#f?ADD lWffl^i:g«?Ht 
50 v^ 0 7"n-b7 •>>'7'^-7 b 2 0 4 tO-JjUU^A D D 1 

-19- 



37 

Officii, f-5'/U2 1 4MC^S*l-Ti/^ 0 
[0 141] 7n-fc7 •/ > /ai 7 1-2 0 6 C&vT, 

fftgfyO 2o^Ji:ii, f - * * *'J rt^w 2 oo-f 
(as . bs ) ^fffth^O±f«in 
tf 7 b (i 7"n -t v v V 73-=- 7 1- 2 0 6 OtJD^tff A D D 
1 <7)-7jOA^i:«S!$^'CV^ 0 in£8SADD l^Hfe 

?-;x-y F 2 0 4i:M?Ktv>2) O 7n-b 7 -> > y-M 
-y b 2 0 6<7)in^ADD 1 OtBflti, f-?^«2 

16M4-iMT7'n-t7y> 7 1- 2 0 0 <7Vjjn£2£ 
ADD 1 O-*c0Atli:^$^T^4o 

[0 14 2] Ell 1 tc*Sii4J:oK«iBiS*L£7n-t 
7-9-Tii, ? ^LTMitllTWfctoftSo i 

f\ 7"n-fcy v>^'J.- 7 1- 2 0 0<F>m% ! &<7)&lJtl 
Taobo 7Wo*lS 0 ^C7'n-b7 y>^"i-7 I- 2 

0 2<r)tm?kr>&~t)t LT, ao bo +ai bi 7Wb 
ftSo ^U-Zn-t-y ->>^-o.^7 b 2 0 4 CDtjngtsCOffi 
jjiLT, ao bo + ai bi +a2 b2 rtMf'bftSo 

1 t y n -t 7 y y 7' J- - 7 1- 2 0 6 O ffi A t L t , ao 
bo + ai bi +a2 b2 + a3 b3 WftbtlZo 

[0 14 3] Z<D$M-t}^Xi>, &7 , D-tyyy7'i- 
y h[*|«9§i£WSIffi:D<7>2 ntf-y Mi, ffltiSfjl-yVflSft 
^fjCSa^-A^i^Ct n fc'7 bCA#>6ilS*><7) 

fc-rs 0 

[0 14 4] W.±(7)«t-?tC^C0^1<0«ife15lJUt**7'D 
-fc 7-*fC(i, #7°D-tr-y h|*jo-fcV^ ?4 

;i«Ho S/n-tvy^/i-v b<7)#jg(i:£< 
— -C*Sfc«t>, ^n-t7ffiWV'f'T'>l- J ?, 

t5 j |W]— -Cab -S ?t *!>(-,• 7°n-fc 7 -> > ^'J-- 7 1-1- 

SUffllTj^SCtio tfc&Zn-fc-y ->>^i- y MHJT 

tf 7 b &%.<7)fc%.<OT& n tf 7 b Of- * fc LTflfeOT* 

7 bWfcifrcD^&fcffl^-f KHSftKr'-?* n tf-y b 

ff^T :m s t-Ho ->7 bag^gfcfctf&s&S 

[0 14 5] [t&2^1gifc$J] 13 1 2 U^£tLS<7)l±, 
2 oHifefflo 7"n -fc 7 f-irffl V»f> tlS 7*D -fc 
y v-v^- y bOlo (PU00) "C-*>S<, -W7n 
-t7->y^i-7 1- 5 2 0* ? [13 CTF^tL^.^ 1 (T>%% 
09<Z)7"n-fcy ->>7jl-7 b 2 0 0 fc*&S<7)li, -t U 
7? 3 5 0i>f>7 Kl^fcSWK -tl/7? 3 6 0»A 

Sffly<^e'J) 5 3 0 £#f7tU/£-tr:: -?"<7>lt!l<0 
,i±r.-C-(±. ;<0 7'D-b7y > r^-- 7 1-5 2 0 (±111 3 U/T 
Ztih-fu-tv = y yf3.z.v 1- 2 0 0 fc£< ffl-OflSfifc 



(20) 7 - 6 4 7 8 9 

3S 

T* & S 0 I fz i)' o T O Ml cr> tl ft U o v > T CO p U > I Si W\ 

[0 14 6] -fu-t-y^^ZOi n & 4 §j<7;7n-t 7 y 
y^-o.^7 b &#tri«0fcf55El-Sfc, ft!i«0 3 oc>7n 
•fc y -> > y-J-- 7 b (PU0K P U 1 0 , PU11) 
ii, ;07*D-t7 v>>f3.=.-j b 5 2 0 fc£< fnl-Wtf 
ijKT'abSo 

[0 14 7] 11 2i:*£ti4*2W*Miff!lOT , n-by 
•ibco7n-t7 ->>/a-7 b 5 2 0 T-li, B13t:^?ii 
70 S ffH co^MWl^ 7"n -fc y -> > 7 b 2 0 0 <7)S&ft 
UtDx., -yXW ± T i'iRitfflaiff 4: T - t t 4 

£„ f'-^yt j e , J*"bROM 5 3 0 O7 KU^Sr>l«07* 
D-t7-yyy'i-7 b 5 2 0 ICAfll"* t<Oit4. * 
l^^^ 3 5 0 Ci •) tor KU^ffltSrliRLtROM 
5 3 0 U-§-x.^o ROM 5 3 0(i, Jt5e$^^TKUX 
(;f&fi?*t/;7 : '-5' ^-fcU^ > 3 6 0 C4i4 0 * 
^36 O^MOr'-T'^-fcU^ b L^S?3 8 

[0 14 8] ROM 5 3 0 r- 5- 1 LTI±. 

20 tzt x.l£— a.— b > • y 7"7 >- (Newton-Raphson) S(l 

ti% 0 tzt?LlX-*- b > ■ y7v>mzi;&&.m~& 

30 <ff4-x.Sc 

[0 14 9] f»3 0*ft«j *»WCft4Znt'/ + 
O^3O^'i(S^IC0^Sr.^ll 1 3 tCfrTo -C0^3CO^M 
l7lJ<7)7a-fc7-V-li, *1 O^ttflJ y?j£K<fc 1 

^t'J fc LTSf 1 <0«ifepiJlc^$nS^>*'J 2 6 
0 fc fc (0 2 feflB) (;ftx . Hi 3 is i IKS l 4 S 
tiS^yf^ 1 ; 5 4 2 &ffl^S 0 HI 1 3 i3 <t O-'ll 1 4 t- 
±>v>Tli, 7n-fc7 ->>y-'J-- y b 2 0 0 i'tlltW-f S /i 
J6C)^yt^ ij 542 OAiiLfci', 1t!iC07n-t7 -> 

*') 5 4 2 fc^< |Bj-cO#fi!cT-*)Sc 
[0 1 5 0] H 1 3 *#bblt, ^(07'n-fc7-t«7)7D 
-fc - y -> > fa.- y b 2 0 0 \U 3 > b n - ;HK 5 4 0 
^fiKilffll^aSo n> 1-0-^5 4 0(±, ^ 
ify<*'; 5 4 2 7'j"b4x.6tlSi^ffftlJW^^(C^^ 
7 1 Dt7y^i-7 1- 2 0 0 4- Wl" f^^^^'J 

5 4 2i±i^, r---^^* 1 ; 2 7 o^i^ttsnrii 

•5 , f - ^ y< * 'J $lJtfll^^4- n y b o - JHI1SS 5 4 0 
^T^t-^i'^iES'r-^y'^M 2 7 0 i:4i4fc6Wi« 
50 T'&Sc 
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I 0 1 5 1 ] M 1 4 t#lLT, ift^ * 'i 5 4 2 (4, 
tl&W-ft^* tett-t"* fc*<7)j< * 'J 5. 5 0 t . > * 'J 5 
5 Otf"bMIU£li.£ 2 o<Difofr£fSIA1~&^*^»M 

5 5 2 t, 5 5 2 i:«tSW:2o 

C0A^*^"1"^llfHllMO R (EXOR) @S5 5 6 t, 
EXORIB5 5 6 Otf.Tjt:: ± 9 ffllffl S ft, U v * 
* 5 5 2 Ut&lft $ ftfc 2 OOfr^co o *> CO 2 f=to<7) t <D 
h n-;i/H]gS5 4 0 (H13#PI) Icffi^J^** 1 
tztXOZ 4 -y * 5 5 4 t , E X 0 R 0S& 

5 5 6(7)ttl*i:«SStL, «'J 5 5 0/4>f>^ISt '0 

<r>7 KU^«rM5 5 8 T K b *?SHI&S 5 5 8 
OiSgftlUC^oT, 'J 5 5 OI*I(7)a^t-5> 2 0W 
Mar Kl'^4Mt5fcW^/7A*')>^ (P 
C) 5 6 0 t 

[0 15 2] 111 4^*3^T^-t'; 5 5 OOffiiH:^? 
tL^^ ( 1 0 0, 1 0 1. 1 0 2 , 1 0 3) li. 
^"t&frtSftT^&T FbX^TK-fo 5 5 0 Uf§ 

i|ft&*tfc&fc^5 7 2 c05feH (SSltfvh) 5 7 014, 

£ft£ I :(4^1 t*7 h 5 7 0?5 ? r 0 J T'&ft 

if > 'j «i»if 4 ffe^-c* *) , r i j -e* tum&mm 

[0 15 3] (Sl^ti^bvX^ 5 5 2 ^ ^5 8 2 
Zftlfiir&mi&t, iU'7l- 5 8 0 ifeMt&mi&t 
t^LTv>-i)„ tfM?- b >* 7, ? 5 5 2(4, Lfcifr-rt 

XOR0I&5 5 6 C0 2oc0A7jCS^$ft"tv^ 0 
[0 1 5 4] Ell 4 U^ft&SnwUMtflJ^^^ ^0 
'J 5 4 2 (4, £1 cO^0lJ(:^Stl.5>7"D-t:-ytfCOffilHfll 

6 i. *0 2> tzfr<Vi> CDX*$> Z> o %\<D%1y&m^-f 
D-b7-f t?(4, ^(4^^*'M^ 1 1@-f oJRtJJ$ 

■/mm s ft£», -eoassuis*^ u^rf- * * * 

&k*i0>fc 0 L^L, r - ? > * 'j a X WM%.%? (4+1 

X . 7-- * > * u 1 awstMW^*^ t jWS 

v^r^^--e , Hct§^$ftrv^if-^ni4, ico2o«o 40 

*a A Ltzi, (nX'$>2>„ 

[0 1 5 5] 111 4 4iILt, 7or7A*')^)'5 
6 00^ 1 (PC + A) TiM 0 0#*fe£, ^4 > 
?2 (P C + A + 1 ) Ti f l 0 1 ft -fftJ&5eLT 

^t^ttS. 1 0 O.SJfei: 1 0 l#Kfe<0^(4^ 
b->*X? (IReg) 5 5 2 KiBlBSUtS&i ft£° 

5 2 izfamztitz 2 oOiSi^Oi 1 t* v h 5 
8 0(4, EX0R1R5 5 6 (0 2 OCO ATJ^^tl-f ft4 50 



^¥7-6 4 7 8 9 

40 

tbix&o EXOR0SS 5 5 6 C0ffi7J(4. 

5 5 2 Cf&i$£}i£^c0 2oco£n tfy h 5 8 0 7i ? t 

r.i j i^(4t^c r o j t ^c(4 r o j t 

•y h&. -f-? > * VM(JP?:nt^f-l4 r 0 J U. iHHt? 
WfUS^^-eil TlJ CL-Ci-ottl4*. CKOEXORIHEfc 
Office «t f), 2O(0^^7i f |H]-^ ! iK^i:*-i7)^4 ; iJBfT- 

[0 15 6] EXORHKOHIW 1 TlJ -CfctllfX-f 
7^ 5 5 4l4fflCe>tL*o COtf^(;(4®2<7)^ (H 
1 4 (i7n$tt^0I)<7)if^CI4PCNT^) A ? n> hn 
-;HiK5 4 0 (01 3#HB) CiS'btL^o ifc, EX 
OR0S&5 5 6<?>tirt)tf0<7)ll §UI4X-f 7f- 5 5 4 14 
S|2«^li3-/ hn-;U[5]tiS 5 4 0(C^f>ft4 

[0157] EX0RM5 5 6 WtU*?)* TlJ <0*1p 

7 Kb^a^|&a5 5 8-CI4, -ruVvUHtj's* 
5 6 0 WAU2*, r o J -e&tufAi: 1 ?:^ft-fitft 
7^L, 7 , n^'7A*'7>? 5 6 0(:4i4o t^i5*). 
Wih^M<r>^¥W& ZtitziftftKlt, -fufyu* 
<J 5 6 0 0^ > * 1 (PC + A) (4, >^6'J5 5 
0O1 0 2#*fc&i::ffi5e1"4o >*2 (PC + A 
+ 1) (4 10 3#*S:«5ei-*o Lti'ori 0 1» 
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To provide a general purpose parallel processing processor that can be controlled easily. 



Constitution 

Each of the plural processing units of the processor includes computing elements 380, 
382, 384, selectors 360-370 that provide the high-order n bits or low-order n bits of input data 
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buses 216 224 from another unit, and a crossbar switch 392 that outputs the outputs of 
computing elements 380, 382, 384 to any one of data buses 210, 220 to another unit. Various 
arithmetic operations can be carried out by setting the connection of each selector ,n advance. 
Also various arithmetic operations can be realized for the entire processor by data exchange via 
a data bus with another processing unit. The constitution of each processing unit is the same. The 
layout is easy, and the processing units can be controlled by interchangeable control instructions. 
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Claims 

1 A processing unit used for parallel processing having the following: plural operation 
means, which have plural inputs, that respectively carry out a prescribed arithmetic operaUon 
between the provided data, and output the result; 

an input data bus selecting means, which is connected to plural monodirectional input 
data buses that selects one of the aforementioned plural monodirectional input data buses in a 
controllable manner for each input of the aforementioned plural operation means, and provides 
part of the data provided via the selected monodirectional input data bus to the aforementioned 

input; , 
an output data bus selecting means, which has inputs connected to the outputs of the 

aforementioned plural operation means and outputs connected to the same number of 
monodirectional output data buses as the aforementioned monodirectional input data buses and 
outputs each output of the aforementioned operation means to one of the aforementioned 
monodirectional output data buses; and 

a control means, which is used to control the path of the data depending on the 
aforementioned input data bus selecting means and the output data bus selecting means in order 
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to realize desired composite arithmetic operation by using the aforementioned plural operation 
means. 

2. The processing unit used for parallel processing described in Claim 1, characterized by 
the fact that the aforementioned plural operation means have two n-bit inputs and include a 
multiplier, which multiplies two provided data and outputs a 2n-bit result, and two adders, which 
add the two provided data and output the n-bit result. 

3. The processing unit used for parallel processing described in Claim 2, characterized by 
the following facts: each of the aforementioned plural monodirectional input data buses and 
monodirectional output data buses has a 2n-bit width; 

the aforementioned input data bus selecting means includes a means which selects one of 
the aforementioned plural monodirectional input data buses in a controllable manner for each 
input of the aforementioned plural operation means and provides the high-order n bits or 
low-order n bits of the data provided via the selected monodirectional input data bus to the 
aforementioned input; 

the aforementioned output data bus selecting means includes a means which outputs each 
output of the aforementioned operation means to high-order n bits and/or low-order n bits of the 
aforementioned monodirectional output data bus. 

4. The processing unit used for parallel processing described in Claim 2, characterized by 
the fact that one of the aforementioned two adders has a carry output, 

the other one of the aforementioned two adders has a carry input, and 
the processing unit has a means used for intermitting the aforementioned carry output and 
carry input in a controllable manner. 

5. The processing unit used for parallel processing described in Claim 2, characterized by 
the fact that the aforementioned input data bus selecting means includes a means which, for at 
least one input of one of the aforementioned two adders, selects one of the aforementioned plural 
monodirectional input data buses or the output of that adder itself in a controllable manner and 
provides the data provdied via the selected monodirectional input data bus or a part of the output 
of that adder itself to the aforementioned input. 

6. The processing unit used for parallel processing described in Claim 2, characterized by 
the fact that the aforementioned input data bus selecting means includes a means which selects 
one of the aforementioned plural monodirectional input data buses or the output of the 
aforementioned multiplier for at least one input of one of the aforementioned two adders in a 
controllable manner and provides the data provided via the selected monodirectional input data 
bus or a part of the output of the aforementioned multiplier to the aforementioned input. 

7. The processing unit used for parallef processing described in Claim 2, characterized by 
the fact that the aforementioned input data bus selecting means includes a means which, for at 
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least one input of one of the aforementioned two adders, selects one of the aforementioned plural 
monodirectional input data buses or the output of that adder itself or a part of the output of the 
aforementioned multiplier in a controllable manner and provides the data provided via the 
selected monodirectional input data bus or the output of that adder itself or a part of the output of 
the aforementioned multiplier to the input. 

8. The processing unit used for parallel processing described in Claim 2, characterized by 
the following facts: the processing unit also includes a read only memory means used for storing 
prescribed information in advance; 

the aforementioned input data bus selecting means includes a means which selects one of 
the aforementioned plural monodirectional input data buses or the output of the aforementioned 
read only memory means for at least one input of the aforementioned multiplier and provides the 
data provided via the selected monodirectional input data bus or part of the output of the 
aforementioned memory means to the aforementioned input. 

9. A parallel processing processor characterized by the following facts: the parallel 
processing processor has 

n processing units; 

first monodirectional data buses used to connect the adjacent processing units 
sequentially in a loop in a prescribed direction; 

second monodirectional data buses used to connect every other adjacent processing units 
sequentially bidirectional ly in a loop; 

said n is a multiple of 4; 

each of the aforementioned processing units includes the following: 

plural operation means, which have plural inputs, that respectively carry out a prescribed 
arithmetic operation between the provided data, and output the result; 

an input data bus selecting means, which is connected to the first monodirectional data 
bus that provides input from the adjacent processing unit and to the input data bus to the 
processing unit concerned out of the aforementioned second monodirectional data buses, that 
selects one of said first and second monodirectional data buses for each input of the 
aforementioned plural operation means, and provides part of the data provided via the selected 
monodirectional data bus to the aforementioned input; 

an output data bus selecting means, which has an input connected to the outputs of the 
aforementioned plural operation means and an output connected to the aforementioned first 
monodirectional data bus, that sends output to the adjacent processing unit and to the output data 
bus from the processing unit concerned out of the aforementioned second monodirectional data 
buses and outputs each output of the aforementioned operation means to one of the 
aforementioned first and second monodirectional data buses; and 
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a control means, which is used to control the path of the data depending on the 
aforementioned input data bus selecting means and the output data bus selecting means in order 
to realize desired composite arithmetic operation by using the aforementioned plural operation 
means. 

10. The parallel processing processor described in Claim 9, characterized by the 
following facts: the parallel processing processor also includes 

data storage means in the same number of the aforementioned processing units, each of 
which can output two data at a time, as well as 

plural read data buses and write data buses used for connecting each of the 
aforementioned data storage means to each of the aforementioned processing units; 

in each processing unit, 

the aforementioned input data bus selecting means includes a means, which is connected 
to the first monodirectional data bus that provides input from the adjacent processing unit, to the 
input data bus to the processing unit concerned out of the aforementioned second 
monodirectional data buses, and to the aforementioned plural read data buses, that selects one 
data bus from said first and second monodirectional data buses and said read data buses for each 
input of the aforementioned plural operation means, and provides part of the data provided via 
the selected data bus to the aforementioned input; 

the aforementioned output data bus selecting means includes a means, which has an input 
connected to the outputs of the aforementioned plural operation means and an output connected 
to the aforementioned first monodirectional data bus that sends output to the adjacent processing 
unit, to the output data bus from the processing unit concerned out of the aforementioned second 
monodirectional data buses, and to the aforementioned write data buses and outputs each output 
of the aforementioned operation means to one of the aforementioned data buses. 

1 1 . The parallel processing processor described in Claim 9, characterized by the 
following facts: the parallel processing processor also includes 

data storage means in the same number of the aforementioned processing units, each of 
which can output two data at a time, as well as 

plural read data buses and write data buses used for connecting each of the 
aforementioned data storage means to each of the aforementioned processing units; 

the aforementioned plural processing units are divided into plural groups, each of which 
includes processing units in a number as a multiple of 4; 

one-to-one correspondence is established between the aforementioned plural processing 
units and the aforementioned plural data storage means; 

in each processing unit, 
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the aforementioned input data bus selecting means includes a means, which is connected 
to the first monodirectional data bus that provides input from the adjacent processing unit, to the 
input data bus to the processing unit concerned out of the aforementioned second 
monodirectional data buses, and to read data bus from the data storage means corresponding to 
the processing unit concerned in the group including that processing unit among the 
aforementioned plural read data buses, that selects one data bus from said first and second 
monodirectional data buses and said read data buses for each input of the aforementioned plural 
operation means, and provides part of the data provided via the selected data bus to the 
aforementioned input; 

the aforementioned output data bus selecting means includes a means, which has inputs 
connected to the outputs of the aforementioned plural operation means and an output connected 
to the aforementioned first monodirectional data bus that sends output to the adjacent processing 
unit, to the output data bus from the processing unit concerned out of the aforementioned second 
monodirectional data buses, and to all of the aforementioned write data buses and outputs each 
output of the aforementioned operation means to one of the aforementioned data buses. 

12. An operation method characterized by the following facts: the operation method is 
used to carry out desired arithmetic operation in a parallel processing processor including the 
following: 

four processing units; 

four first monodirectional data buses used to connect the adjacent processing units 
sequentially in a loop in a prescribed direction; and 

four second monodirectional data buses used to connect every other adjacent processing 
units bidirectionally; 

each processing unit includes the following: 

a multiplier, which has 2 n-bit inputs and multiplies the provided data and outputs a 
2n-bit result; 

a first adder and a second adder, each of which has 2 n-bit inputs and adds the provided 
data and outputs an n-bit result; 

a carry switching means used to provide the carry output of the first adder to the carry 
input of the second adder in a controllable manner; 

an input data bus selecting means, which is connected to the aforementioned first 
monodirectional data bus that provides input from the adjacent processing unit and to the input 
data bus to the processing unit concerned from the aforementioned second monodirectional data 
buses, that selects the first or second monodirectional data bus for each input of the 
aforementioned plural operation means, and provides part of the data provided via the selected 
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monodirectional data bus to the aforementioned inputs of the aforementioned multiplier and 
adders; 

an output data bus selecting means, which has an input connected to the output of the 
aforementioned multiplier and the outputs of the aforementioned adders, to the aforementioned 
first monodirectional data bus that provides output to the adjacent processing unit, and to the 
output data bus from the processing unit concerned out of the aforementioned second 
monodirectional data buses and outputs each of the outputs of the aforementioned multiplier and 
adders to one of the first and second monodirectional data buses; and 

a control means, which controls the path of the data depending on the aforementioned 
input data bus selecting means and the output data bus selecting means in order to realize desired 
composite arithmetic operation by using the aforementioned multiplier and adders; 

the operation method has the following steps: 

the data needed for the operation are provided to the aforementioned input data bus 
selecting means; 

the aforementioned data are divided for every high-order n bit and low-order n bit by the 
aforementioned input data bus selecting means and are provided to any two inputs of the 
aforementioned multiplier and adders of the aforementioned four processing units; 

the aforementioned carry switching means of all of the processing units are set 
corresponding to the aforementioned desired arithmetic operation; 

the aforementioned output data bus selecting means and input data bus selecting means of 
each of the processing units are controlled to set the connection between the multiplier and the 
first and second adders of each processing unit in order to realize the aforementioned desired 
arithmetic operation; 

the aforementioned output data bus selecting means is controlled such that the prescribed 
part of the prescribed output among the outputs of the aforementioned multiplier and adders of 
the prescribed processing unit determined by the aforementioned desired arithmetic operation is 
output to the desired data bus so that the result of the arithmetic operation can be output to the 
desired data bus. 

13. The operation method described in Claim 12, characterized by the fact that the step of 
setting the connection includes a step in which the data path depending on the output data bus 
selecting means and input data bus selecting means of the processing units is set such that the 
high-order n bits in the output of the multiplier or adders in a certain processing unit are input to 
the low-order n bits of the multiplier or adders in another processing unit. 

14. The operation method described in Claim 12, characterized by the fact that the step of 
setting the connection includes a step in which the data path depending on the output data bus 
selecting means and input data bus selecting means of the processing units is set such that the 
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high-order n bits in the output of the multiplier or adders in a certain processing unit are output to 
the low-order n bits of the multiplier or adders in another processing unit. 

15. The parallel processing processor described in Claim 9, characterized by also 
including plural instruction storage means, which are prepared for each processing unit and are 
used to store control instructions carried out by the aforementioned control means. 

16. The parallel processing processor described in Claim 15, characterized by the fact 
that the aforementioned control instructions are classified into two systems, that is, a first type of 
control instructions used for controlling the corresponding data storage means and a second type 
of control instructions used for controlling the aforementioned operation means by the 
aforementioned control means. 

17. The parallel processing processor described in Claim 16, characterized by the fact 
that the first type of control instruction specifies the two reading addresses and one writing 
address of each data storage means. 

18. The parallel processing processor described in Claim 16, characterized by the fact 
that the aforementioned control means, the aforementioned operation means, input data bus 
selecting means, and output data bus selecting means are used according to the previously 
provided second type of control instruction until the second type of instruction is changed. 

19. The parallel processing processor described in Claim 16, characterized by the fact 
that the aforementioned instruction storage means includes 

an instruction memory used to store plural instructions, 

a program counter used to specify the reading address of the instruction memory, 
a means used to read two instructions at a time with the address specified by the 

aforementioned program counter as the header, 

a means used to determine whether the two read instructions belong to the same system, 
a means used to provide the control instructions to the aforementioned control means 

and/or data storage means based on the judgment result, and 

a means used to increment the counted value of the aforementioned program counter by 1 

or 2 based on the judgment result. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to the improvement of a parallel processing processor 
constituted with plural processing units. In particular, the present invention pertains to a parallel 
processing processor which can be controlled easily to handle a wide range of arithmetic 
operations, its processing unit, and the operation method of the parallel processing processor. 
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[0002] 
Prior art 

The configuration of a conventional parallel processing processor (simply referred to as 
"processor" hereinafter) is shown in Figure 16 and 17. This processor is formed by extracting 
and simplifying the main operation parts related to the invention of this patent application among 
the block configurations of processor published in "ISSCC Digest of Technical Papers," 
(February 1991, p. 252-253). 

[0003] 

As shown in Figure 16, the processor includes 4 processing units PU00-PU1 1 
(represented by symbols, 30, 32, 34, 36 in Figure 16), address computing unit (AU) 48, working 
memory 38, data cache memories 40, 42, 44, 46. The access to data cache memories 40, 42, 44, 
46 and working memory 38 from each processing unit is carried out via a total of 10 buses, that 
is, 4 cache memory read only buses 50 and 6 read/write buses 42. This processor also includes 
register file 58 and selector 56. Selector 56 and register file 58 are used to perform data exchange 
between the processing units. The data read from cache memory read only buses 50, read/write 
buses 52, and SBUS 54 can be output to each of processing units 30, 32, 34, 36 and buses 52, 54 
via register file 58. 

[0004] 

As shown in Figure 17, processing units 30, 32, 34, 36 have similar configuration or 
configurations that are slightly different from each other. Processing units 30, 32, 34, 36 include 
computing elements ALU 70, 72, 74, 76, multipliers MPY 80, 82, 84, 86, and adders ADD 90, 
92, 94, 96. Said processing units 30, 32, 34, 36 include selectors used for selecting the inputs to 
the ALU, multipliers, and adders. This will be described later. In Figure 17, however, the 
inputs/outputs of the selectors are shown in a simplified way in the figure. 

[0005] 

As shown in Figure 17, for example, processing unit 30 includes 5:1 selectors 1 10 and 
1 12. Processing unit 30 also includes selector 130, which is used to select one output from one of 
the outputs of ALU 70, the output from register file 58, and the output of selector 1 10 and 
provides it to one of the inputs of ALU 70, and selector 132, which is used to select the output of 
selector 1 12 or one of the data provided from processing unit 32 described later and provides it 
to the other input of ALU 70. Processing unit 30 also includes selector 150, which is used to 
select one of the outputs of ALU 70 or the output of register file 58 and provides it to one of the 
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inputs of MPY 80, and selector 162, which selects one of the outputs of ADD 90 and provides it 
to one of the inputs of ADD 90. Processing unit 30 also includes selector 160. Said selector 160 
is used to select the output of MPY 80 or the output of ADD 90 and outputs it to data bus 52. 

[0006] 

Similarly, processing unit 32 includes selectors 114, 116, 134, 136, 152, 164. Processing 
unit 134 includes selectors 118, 120, 138, 140, 154, 166, 168. Processing units 32, 34, 36 also 
include the same selectors as selector 160. They, however, are riot shown in Figure 17, in order 
to simplify the figure. 

[0007] 

Selectors 114, 118, 122 have the same function as selector 110. Selectors 116, 120, 124 
have the same function as selector 1 12. Selectors 134, 138, 142 have the same function as 
selector 130. Selector 136 selects the output of selector 1 16 or the output of selector 112 and 
provides it to ALU 72. Selector 144 selects the output of selector 124 or the output of selector 
120 and provides it to ALU 76. Selectors 152, 154, 156 have the same function as selector 150. 
Selector 164 selects the output of processing unit 34 or the output of multiplier 82 and provides it 
to adder 92. Selector 166 selects the output of processing unit 30 or the output of adder 94 and 
provides it to adder 94. Selector 168 selects the output of multiplier 84 or the output of 
processing unit 36 and provides it to adder 94. Selector 170 selects the output of multiplier 84 or 
the output of adder 96 and provides it to adder 96. 

[0008] 

Local instruction memories LPM00, 01, 10, 11 (represented by symbols 100, 102, 104, 
106 in Figure 17) used for controlling the processing units are arranged in processing units 30, 
32, 34, 36. 

[0009] 

Address computing unit 48 is used to compute the read and write addresses for memories 
38, 40, 42, 44, 46. 

[0010] 

As shown in Figures 16 and 17, in the conventional processor, the configurations of the 
processing units are different from each other. The connection between the processing units also 
has a special form based on the arithmetic operation as the processing object. 
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[0011] 

In the following, the operation of the conventional processor will be explained based on 
Figures 18 and 19. The bus connection between the processing units can be selected from two 
kinds of configurations shown in Figures 18 and 19. In the example shown in Figure 18, the 
various selectors are set such that there is no data bus connection between processing units 30, 
32, 34, 36. A sum of products operation is performed by each processing unit. 

[0012] 

In the example shown in Figure 1 9, the output of the multiplier 82 in processing unit 32 is 
provided to the input of the adder 90 in processing unit 30. The output of adder 90 is provided to 
the input of the adder 94 in processing unit 34. On the other hand, the output of the multiplier 84 
in processing unit 34 is provided to one of the inputs of the adder 96 in processing unit 36. The 
output of adder 96 is provided to the other input of the adder 194 in processing unit 34. The 
output of adder 94 is provided to one of the inputs of the adder 92 in processing unit 32. With the 
connection shown in Figure 19, the sum of products can be computed every 4 items. The result 
of the sum of products of every four items is obtained as the output of processing unit 32. 

[0013] 

The control of the processor is performed in a unit of a total of five instructions, that is, 
one setup instruction and four instructions used for controlling the processing units. Each 
instruction has 32 bits. Five instructions have a total of 1 60 bits. 

[0014] 

The setup instruction controls 5:1 selectors 1 10, 1 12, 1 14, 1 16, 1 18, 120, 122, 124 in the 
input parts of the processing units or the selectors used for setting the connection of data buses 
between the processing units. The processing unit control instruction generates the addresses of 
memories 38, 40, 42, 44, 46 or designate the addresses of local instruction memories 100, 102, 
104, 106. The local instructions included in local instruction memories 100, 102, 104, 106 are 
used to specify the content of the arithmetic operation performed by the computing elements. 



[0015] 

Problems to be solved by the invention 

The conventional processor shown in Figures 16-19 has the following problem. This 
processor was developed in order to increase the efficiency of sum-of-products operations for 
compressing dynamic images. Therefore, it is difficult to apply this processor to the fields other 
than dynamic image compression even for the processing requiring a large amount of 
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computation. Besides sum-of-products operations, other arithmetic operations requiring large 
amount of data processing include butterfly operations used for FFT (high-speed Fourier 
transform) and double precision operations used for scientific and technical calculations. For 
double precision multiplication (2n bits), 4 nxn multipliers and 3 2n+2n-bits adders are needed. 
The processor shown in Figures 16-19, however, can only be used to carry out processing for 
compression of dynamic images. Even its hardware is realized with a fixed algorithm. This is 
because the control becomes complicated when the aforementioned various operations are 
carried out in a processor having plural processing units. Consequently, very few of the 
conventional processors are general purpose processors. Also, the control and the hardware are 
complicated. 

[0016] 

The purpose of the present invention is to solve the aforementioned problem by providing 
a parallel processing processor which can carry out parallel processing efficiently by using plural 
processing units and can perform a wide range of operations with a relatively simple control 
method, and its processing unit and the operation method of the processor. 

[0017] 

Means to solve the problems 

The processing unit used for parallel processing described in Claim 1 includes the 
following: plural operation means, which have plural inputs, that respectively carry out a 
prescribed arithmetic operation between the provided data, and output the result; an input data 
bus selecting means, which is connected to plural monodirectional input data buses, that selects 
one of the aforementioned plural monodirectional input data buses in a controllable manner for 
each input of the aforementioned plural operation means, and provides part of the data provided 
via the selected monodirectional input data bus to the aforementioned input; an output data bus 
selecting means, which has inputs connected to the outputs of the aforementioned plural 
operation means and outputs connected to the same number of monodirectional output data buses 
as the aforementioned monodirectioanl input data buses and outputs each output of the 
aforementioned operation means to one of the aforementioned monodirectional output data 
buses; and a control means, which is used to control the path of the data depending on the 
aforementioned input data bus selecting means and the output data bus selecting means in order 
to realize desired composite arithmetic operation by using the aforementioned plural operation 
means. 
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The processing unit described in Claim 2 is based on Claim 1 and is characterized by the 
fact that the aforementioned plural operation means have two n-bi. inputs and mclude a 
mul.ip.icr, which multiplies two provided data and outputs a 2n-bi. result, and two adders, whtch 
add the two provided data and output the n-bit result. 

100191 The processing unit described in Claim 3 is based on Claim 2 and is characterized by the 
following facts: each of the aforementioned plural monodirectional input data buses and 
monodirectional output data buses has a 2n-bi< width; the aforementioned input data bus 
selecting means includes a means which selects one of the aforementioned plural 
monodirectional input dam buses in a controllable manner for each input of the aforemen, ,oned 
Tlura, operation means and provides the high-order „ bits or low-order n btts of the data provtd d 
via the selected monodirectional input dam bus to the aforementioned input; the aforementtoncd 
output data bus selecting means includes a means which outputs each output of the 
aforementioned operation means to high-order n bits and/or low-order n bits of the 
aforementioned monodirectional output data bus. 

100201 The processing unit described in Claim 4 is based on Claim 2 and is characterized by the 
fact that one of the aforementioned two adders has a carry output, the other one of the 
aforementioned two adders has a carry input, and the processing unit has a means used for 
intermitting the aforementioned carry output and carry input in a controllable manner. 

[00211 The processing unit described in Claim 5 is based on Claim 2 and is characterized by the 
fact that the aforementioned input data bus selecting means ineludes a means whtch for a. leas, 
one input of one of the aforementioned two adders, selects one of the aforementtoned plural 
monodirectional input data buses or the output of that adder itself in a controllable manner and 
provides the data provided via the selected monodirectional input data bus or a par, of the output 
of that adder itself to the aforementioned input. 

The processing unit described in described in Claim 6 is based on Claim 2 and is 
characterized by the fact that the aforementioned input data bus selecting means includes a 
m eans which selects one of the aforementioned plural monodirectional input data buses or the 
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output of the aforementioned multiplier for at least one input of one of the aforementioned two 
adders in a controllable manner and provides the data via the selected monodirectional input data 
bus or a part of the output of the aforementioned multiplier to the aforementioned input. 

[0023] 

The processing unit described in described in Claim 7 is based on Claim 2 and is 
characterized by the fact that the aforementioned input data bus selecting means includes a 
means which, for at least one input of one of the aforementioned two adders, selects one of the 
aforementioned plural monodirectional input data buses or the output of that adder itself or a part 
of the output of the aforementioned multiplier in a controllable manner and provides the data via 
the selected monodirectional input data bus or the output of that adder itself or a part of the 
output of the aforementioned multiplier to the input. 

[0024] 

The processing unit described in described in Claim 8 is based on Claim 2 and is 
characterized by the following facts: the processing unit also includes a read only memory means 
used for storing prescribed information in advance; the aforementioned input data bus selecting 
means includes a means which selects one of the aforementioned plural monodirectional input 
data buses or the output of the aforementioned read only memory means for at least one input of 
the aforementioned multiplier and provides the data via the selected monodirectional input data 
bus or part of the output of the aforementioned memory means to the aforementioned input. 

[0025] 

The parallel processing processor described in Claim 9 is characterized by the following 
facts: the parallel processing processor has n processing units; first monodirectional data buses 
used to connect the adjacent processing units sequentially in a loop in a prescribed direction; 
second monodirectional data buses used to connect every other adjacent processing units 
sequentially bidirectionally in a loop; said n is a multiple of 4; each of the aforementioned 
processing units includes the following: plural operation means, which have plural inputs, 
respectively, that carry out a prescribed arithmetic operation between the provided data, and 
output the result; an input data bus selecting means, which is connected to the first 
monodirectional data bus that provides input from the adjacent processing unit and to the input 
data bus to the processing unit concerned out of the aforementioned second monodirectional data 
buses, that selects one of said first and second monodirectional data buses for each input of the 
aforementioned plural operation means, and provides part of the data provided via the selected 
monodirectional data bus to the aforementioned input; an output data bus selecting means, which 
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has an input connected to the outputs of the aforementioned plural operation means and an 
output connected to the aforementioned first monodirectional data bus that sends output to the 
adjacent processing unit and to the output data bus from the processing unit concerned out of the 
aforementioned second monodirectional data buses and outputs each output of the 
aforementioned operation means to one of the aforementioned first and second monodirectional 
data buses; and a control means, which is used to control the path of the data depending on the 
aforementioned input data bus selecting means and the output data bus selecting means in order 
to realize desired composite arithmetic operation by using the aforementioned plural operation 
means. 

[0026] 

The parallel processing processor described in Claim 10 is based on Claim 9 and is 
characterized by the following facts: the parallel processing processor also includes data storage 
means in the same number of the aforementioned processing units, each of which can output two 
data at a time as well as plural read data buses and write data buses used for connecting each of 
the aforementioned data storage means to each of the aforementioned processing units; in each 
processing unit, the aforementioned input data bus selecting means includes a means, which is 
connected to the first monodirectional data bus that provides input from the adjacent processing 
unit, to the input data bus to the processing unit concerned out of the aforementioned second 
monodirectional data buses, and to the aforementioned plural read data buses, that selects one 
data bus from said first and second monodirectional data buses and said read data buses for each 
input of the aforementioned plural operation means, and provides part of the data provided via 
the selected data bus to the aforementioned input; the aforementioned output data bus selecting 
means includes a means, which has an input connected to the outputs of the aforementioned 
plural operation means and an output connected to the aforementioned first monodirectional data 
bus that sends output to the adjacent processing unit, to the output data bus from the processing 
unit concerned out of the aforementioned second monodirectional data buses, and to the 
aforementioned write data buses and outputs each output of the aforementioned operation means 
to one of the aforementioned data buses. 

[0027] 

The parallel processing processor described in Claim 1 1 is based on Claim 9 and is 
characterized by the following facts: the parallel processing processor also includes data storage 
means in the same number of the aforementioned processing units, each of which can output two 
data at a time as well as plural read data buses and write data buses used for connecting each of 
the aforementioned data storage means to each of the aforementioned processing units; the 
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aforementioned plural processing units are divided into plural groups, each of which includes 
processing units in a number as a multiple of 4; one-to-one correspondence is established 
between the aforementioned plural processing units and the aforementioned plural data storage 
means; in each processing unit, the aforementioned input data bus selecting means includes a 
means, which is connected to the first monodirectional data bus that provides input from the 
adjacent processing unit, to the input data bus to the processing unit concerned out of the 
aforementioned second monodirectional data buses, and to read data bus from the data storage 
means corresponding to the processing unit concerned in the group including that processing unit 
among the aforementioned plural read data buses, that selects one data bus from said first and 
second monodirectional data buses and said read data buses for each input of the aforementioned 
plural operation means, and provides part of the data provided via the selected data bus to the 
aforementioned input; 

the aforementioned output data bus selecting means includes a means, which has an input 
connected to the outputs of the aforementioned plural operation means and an output connected 
to the aforementioned first monodirectional data bus that sends output to the adjacent processing 
unit, to the output data bus from the processing unit concerned out of the aforementioned second 
monodirectional data buses, and to all of the aforementioned write data buses and outputs each 
output of the aforementioned operation means to one of the aforementioned data buses. 

[0028] 

The operation method described in Claim 12 is characterized by the following facts: the 
operation method is used to carry out desired arithmetic operation in a parallel processing 
processor including the following: four processing units; four first monodirectional data buses 
used to connect the adjacent processing units sequentially in a loop in a prescribed direction; and 
four second monodirectional data buses used to connect every other adjacent processing units 
bidirectionally; each processing unit includes the following: a multiplier, which has 2 n-bit inputs 
and multiplies the provided data and outputs a 2n-bit result; a first adder and a second adder, 
each of which has 2 n-bit inputs and adds the provided data and outputs an n-bit result; a carry 
switching means used to provide the carry output of the first adder to the carry input of the 
second adder in a controllable manner; an input data bus selecting means, which is connected to 
the aforementioned first monodirectional data bus that provides input from the adjacent 
processing unit and to the input data bus to the processing unit concerned from the 
aforementioned second monodirectional data buses, that selects the first or second 
monodirectional data bus for each input of the aforementioned plural operation means, and 
provides part of the data provided via the selected monodirectional data bus to the 
aforementioned inputs of the aforementioned multiplier and adders; an output data bus selecting 
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means, which has an input connected to the output of the aforementioned multiplier and the 
outputs of the aforementioned adders, to the aforementioned first monodirectional data bus that 
provides output to the adjacent processing unit, and to the output data bus from the processing 
unit concerned out of the aforementioned second monodirectional data buses and outputs each of 
the outputs of the aforementioned multiplier and adders to one of the first and second 
monodirectional data buses; and a control means, which controls the path of the data depending 
on the aforementioned input data bus selecting means and the output data bus selecting means in 
order to realize desired composite arithmetic operation by using the aforementioned multiplier 
and adders; the operation method has the following steps: the data needed for the operation are 
provided to the aforementioned input data bus selecting means; the aforementioned data are 
divided for every high-order n bits and low-order n bits by the aforementioned input data bus 
selecting means and are provided to any two inputs of the aforementioned multiplier and adders 
of the aforementioned four processing units; the aforementioned carry switching means of all of 
the processing units are set corresponding to the aforementioned desired arithmetic operation; the 
aforementioned output data bus selecting means and input data bus selecting means of each of 
the processing units are controlled to set the connection between the multiplier and the first and 
second adders of each processing unit in order to realize the aforementioned desired arithmetic 
operation; the aforementioned output data bus selecting means is controlled such that the 
prescribed part of the prescribed output among the outputs of the aforementioned multiplier and 
adders of the prescribed processing unit determined by the aforementioned desired arithmetic 
operation is output to the desired data bus so that the result of the arithmetic operation can be 
output to the desired data bus. 

[0029] 

The operation method described in Claim 13 is based on Claim 12 and is characterized by 
the fact that the step of setting the connection includes a step in which the data path depending 
on the output data bus selecting means and input data bus selecting means of the processing units 
is set such that the high-order n bits in the output of the multiplier or adders in a certain 
processing unit are input to the low-order n bits of the multiplier or adders in another processing 
unit. 

[0030] 

The operation method described in Claim 14 is based on Claim 12 and is characterized by 
the fact that the step of setting the connection includes a step in which the data path depending 
on the output data bus selecting means and input data bus selecting means of the processing units 
is set such that the high-order n bits in the output of the multiplier or adders in a certain 
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processing unit are output to the low-order n bits of the multiplier or adders in another processing 
unit. 

[0031] 

The parallel processing processor described in Claim 15 is based on Claim 9 and is 
characterized by also including plural instruction storage means, which are prepared for each 
processing unit and are used to store control instructions carried out by the aforementioned 
control means. 

[0032] 

The parallel processing processor described in Claim 16 is based on Claim 15 and is 
characterized by the fact that the aforementioned control instructions are classified into two 
systems, that is, a first type of control instructions used for controlling the corresponding data 
storage means and a second type of control instructions sued for controlling the aforementioned 
operation means by the aforementioned control means. 

[0033] 

The parallel processing processor described in Claim 17 is based on Claim 16 and is 
characterized by the fact that the first type of control instruction specifies the two reading 
addresses and one writing address of each data storage means. 

[0034] 

The parallel processing processor described in Claim 18 is based on Claim 16 and is 
characterized by the fact that the aforementioned control means, the aforementioned operation 
means, input data bus selecting means, and output data bus selecting means are used according to 
the previously provided second type of control instruction until the second type of instruction is 
changed. 

[0035] 

The parallel processing processor described in Claim 19 is based on Claim 16 and is 
characterized by the fact that the aforementioned instruction storage means includes an 
instruction memory used to store plural instructions, a program counter used to specify the 
reading address of the instruction memory, a means used to read two instructions at a time with 
the address specified by the aforementioned program counter as the header, a means used to 
determine whether the two read instructions belong to the same system, a means used to provide 
the control instructions to the aforementioned control means and/or data storage means based on 
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the judgment result, and a means used to increment the counted value of the aforementioned 
program counter by 1 or 2 based on the judgment result. 

[0036] 
Operation 

For the processing unit used for parallel processing described in Claim 1 , the number of 
monodirectional input data buses connected to the processing unit is the same as the number of 
monodirectional output data buses. Therefore, the data provided via any of these monodirectional 
input data buses can be processed by plural operation means, and the result can be output to any 
of the monodirectional output data buses. Since various operations can be carried out under the 
control of the control means, this processing unit is a general purpose processing unit, and the 
control of the control means is relatively simple. Also, since the numbers of input/output data 
buses are the same, it is easy to connect the processing units when manufacturing a parallel 
processing processor by combining plural said processing units. Since the processing units have 
the same configuration, interchangeability can be realized when controlling these processing 
units. 

[0037] 

The processing unit described in Claim 2 uses an nxn bit multiplier and 2 n+n-bit adders 
so that it is possible to carry out typical processing in an operation requiring a large amount data 
processing. 

[0038] 

For the processing unit described in Claim 3, one unit of high-order or low-order n bits of 
any monodirectional input data bus can be provided to each input of the operation means. Each 
output of these operation means can be output to the high-order n bits and/or low-order n bits of 
any monodirectional output data bus. Consequently, operation between 2n-bit data can be 
divided for the high-order n bits and the low-order n bits and can be carried out by using the nxn 
bit multiplier and n+n-bit adder. 

[0039] 

For the processing unit described in Claim 4, it is possible to select the case when the 
carry output of one of the two adders is used or not used as the carry input of the other adder. 
Consequently, it is possible to perform addition of 2n-bit data, addition of n bit data, and two 
different additions for n-bit data. 



20 



[0040] 

For the processing unit described in Claim 5, for at least one input of one of the two 
adders, since one of the plural monodirectional input data buses or the output of that adder itself 
can be selected as the input data, it is possible to carry out an operation using the self-addition 
result, such as a sum-of-products operation, and an addition using data sent from a data bus. 

[0041] 

For the processing unit described in Claim 6, for at least one input of one of the two 
adders, since one of the plural monodirectional input data buses or the output of the multiplier 
can be selected as the input data, it is possible to carry out an operation using the multiplication 
result for the input of the addition, such as a sum-of-products operation, and an addition using 
data sent from a data bus. 

[0042] 

For the processing unit described in Claim 7, for at least one input of one of the two 
adders, since one of the plural monodirectional input data buses or the output of that adder itself, 
or part of the output of the multiplier can be selected as the input data, it is possible to carry out 
an operation using a multiplication result or an addition result for the input of addition, and an 
addition using data sent from a data bus. 

[0043] 

For the processing unit described in Claim 8, it is possible to select one of the 
monodirectional input data buses or the output of the read only memory means as the input data 
for at least one input of the multiplier. Consequently, it is possible to freely select the 
configuration used for efficiently performing high-speed operation by using the data stored in the 
read only memory means, such as division using the Newton-Raphson method and 
extraction-of-the-square-root operation, and the configuration used for performing normal 
operations. 

[0044] 

For the parallel processing processor described in Claim 9, n processing units are 
connected such that the adjacent processing units are connected monodirectionally by the first 
monodirectional data buses, while every other adjacent processing units are connected 
bidirectionally using the second monodirectional data buses. Each processing unit has the same 
number of inputs and outputs and has at least two inputs and two outputs. The degree of freedom 
of the operation increases as the number of inputs/outputs increases. Also, since the processing 
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units have the same configuration, the complexity in layout and control of the processor can be 
reduced. 

[0045] 

For the parallel processing processor described in Claim 1 0, a data storage means is 
prepared for each processing unit. Each processing unit can perform a prescribed processing 
using plural operation means to either the data provided from the data storage means or the data 
provided from another processor. The output of any processing unit can be output to another 
processing unit or to any data storage means. 

[0046] 

For the parallel processing processor described in Claim 1 1, the processing units are 
classified into groups, and a data storage means is prepared for each data storage means. Each 
processing unit can perform a prescribed processing using plural operation means to either the 
data provided from a data storage means corresponding to the processing unit belonging to the 
same group or to the data provided from another processor. The output of any processing unit 
can be output to another processing unit or to any data storage means. The read data bus from a 
data storage means to a processing unit belonging to the same group is short compared with the 
case when the processing units are connected without being grouped so that data can be provide 
at a high speed to the processing unit. Also, it is possible to carry out an operation using common 
data for a group of processing units. In addition, since data can be written from each processing 
unit into any data storage means, data exchange becomes possible between the groups. 

[0047] 

In the operation method for parallel processing processor described in Claim 12, data are 
divided into units of high-order and low-order n bits, which are provided to any two of the inputs 
of the multiplier and adders of the four processing units. The high-order n bits or low-order n bits 
of the computation result of another processing unit can be provided to the multiplier or adders 
as low-order n bits or high-order n bits of data used for new operation. Various operations can be 
performed. Also, since it is possible to select whether to input/output carry between two adders, 
it is possible to switch between two addition processing with n-bit precision and one addition 
processing with 2n-bit precision. Consequently, processing can be carried out with a very high 
degree of freedom. 
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[0048] 

In the operation method for parallel processing processor described in Claim 13, the 
connection between the data buses and multiplier or adders can be set such that the high-order n 
bits or low-order n bits in the output of the multiplier in a certain processing unit can be input to 
either the low-order n bits or high-order n bits of the multiplier or adder in another processing 
unit. Various operations can be carried out without using a shift means. 

[0049] 

In the operation method for parallel processing processor described in Claim 14, the 
connection between the data buses and multiplier or adders can be set such that the high-order n 
bits in the output of the multiplier in a certain processing unit can be input to either the low-order 
n bits or high-order n bits of the multiplier or adder in another processing unit. Data can be well 
shifted without using a shift means, and there is no need to spend time for shifting. 

[0050] 

For the parallel processing processor described in Claim 15, control instructions are 
stored in an instruction storage means in each processing unit. Therefore, a complicated 
operation can be controlled for each processing unit, and the overall control of the parallel 
processing processor becomes easy. 

[0051] 

For the parallel processing processor described in Claim 1 6, control instructions are 
classified into two systems, that is, control instructions used for controlling the data storage 
means and control instructions used for controlling the operation means. When a certain 
instruction is repeated via the data output from the data storage means, if only the control 
instruction controlling the data storage means is issued repeatedly while changing its content, 
there is no need to issue several different control instructions used for the operation means. 

[0052] 

For the parallel processing processor described in Claim 17, a prescribed operation is 
carried out by reading two data from two read addresses of the data storage means. The result 
can be written at the position specified by one write address. 



[0053] 

For the parallel processing processor described in Claim 18, the operation means, the 
input data bus selecting means, and the output data bus selecting means are controlled based on 
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the previously received second type of control instruction uritil the second type of control 
instruction is changed. When a certain instruction is repeated via the data output from the data 
storage means, if only the control instruction controlling the data storage means is issued 
repeatedly while changing its content, there is no need to issue several different control 
instructions used for the operation means. 

[0054] 

For the parallel processing processor described in Claim 19, two instructions are read out 
at a time from the instruction memory with the address specified by the program counter used as 
the header, and it is determined whether the two instructions belong to the same system. If they 
belong to the same system, only the instruction read out first is executed, and the program 
counter is incremented by 1 . If they do not belong to the same system, the control instructions 
are provided to both the control means and the data storage means, and the program counter is 
incremented by 2. Since the instructions of different systems can be executed at the same time, 
the instruction execution speed can be increased compared with the case when only one control 
instruction can be read out at a time. 



[0055] 

Application examples 
First application example 

The first application example of the present invention is a processor comprised of four 
processing units (PU). The processor shown in Figure 1 includes four processing units PU00, 01, 
10, 1 1 (represented by 200, 202, 204, 206 in Figure 1) and monodirectional data buses 210, 212, 
214, 216 used for connecting processing units 200, 202, 204, 206 sequentially in a loop. The 
numbers (00, 01, 10, 1 1) attached to processing unit PU represent the address of the processing 
unit in binary number. 

[0056] 

This processor also includes monodirectional input data buses 220, 222, 224, 226 used 
for connecting processing units, whose addresses differ from each other by 2, in a bidirectional 
manner. Said monodirectional data buses 210, 212, 214, 216 are used to connect the processing 
units, whose addresses different from each other by 1 , in a sequential and monodirectional 
manner. Also, data bus 216 is the data bus from processing unit PU1 1 (206) to PU00 (200). In 
Figure 1, the arrow attached to each data bus indicates the direction of the data flow. In the 
processor shown in Figure 1 , the number of inputs of the data buses going into a processing unit 
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is equal to the number of the outputs of the data buses coming out of a processing unit. This 
number is 2. This number is the same for all processing units. 

[0057] 

As shown in Figure 2, the processor disclosed in the first application example also 
includes control circuits (PUC) 250, 252, 254, 256, instruction memories (IM) 260, 262, 264, 
266, and data memories 270, 272, 274, 276 corresponding to processing units 200, 202, 204, 206 
besides said processing units PU00, 01, 10, 1 1 (200, 202, 204, 206). 

[0058] 

This processor also includes memory read bus group 280 used for the data read from data 
memories 270, 272, 274, 276 and memory write bus group 272 used for the data written from 
processing units 200, 202, 204, 206 into data memories 270, 272, 274, 276. Two data can be read 
out simultaneously from each of data memories 270, 272, 274, 276. Connection to different data 
buses in memory read bus group 280 can be realized by using data buses 300 and 201 , 302 and 
303, 304 and 305, 306 and 207. This connection will be described later. The data buses in 
memory read data bus group 280 are connected to processing units 200, 202, 204, 206 by data 
bus group 310, 312, 314, 316. 

[0059] 

Memory read data bus group 282 includes four n-bit data buses, which are connected to 
the outputs of processing units 200, 202, 204, 206 by data bus group 320, 322,. 324, 326 
comprised of 4 n-bit data buses. The details of this connect will be described later. One unit of 
data can be written to data memories 270, 272, 274, 276 simultaneously. The data written into 
the data memories is the computation result of each processing unit. 

[0060] 

Instructions provided from outside via an input/output port not shown in the figure are 
stored in instruction memories 260, 262, 264, 266. Each of control circuits 250, 252, 254, 256 
has two outputs. One of the outputs is used to control data memories 270, 272, 274, 276, while 
the other output is used to control the computing elements in processing units 200, 202, 204, 206. 



[0061] 

Figure 3 shows the internal configuration of processing unit 200. The configuration of 
processing unit 200 shown in Figure 3 is an example. The other processing units 202, 204, 206 
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have exactly the same configuration as processing unit 200. Consequently, the explanation will 
not be repeated. 

[0062] 

As shown in Figure 3, memory write bus group 282 includes four memory write buses 
400, 402, 404, 06. The data bus 210 to processing unit 202 shown in Figures 1 and 2 includes 
data bus 210M for high-order h bits and data bus 210L for low-order n bits. Similarly, the data 
bus 220 to processing unit 204 includes data bus 220M for high-order n bits and data bus 220L 
for low-order n bits. 

[0063] 

The memory read bus group 310 from memory written bus group 280 to processing unit 
200 shown in Figure 2 includes data buses 330, 332, 334, 336, 340, 342, 344, 346 as shown in 
Figure 3. Memory read bus group 280 includes 8 data buses as described above. Said memory 
read buses 330, 332, 334, 336, 340, 342, 344, 346 are branched off from said 8 data buses, 
respectively. This connection will be described later based on Figure 4. 

[0064] 

Data bus 224 from processing unit 204 shown in Figures 1 and 2 includes data bus 224M 
for high-order n bits and data bus 224L for low-order n bits. Also, data bus 216 from processing 
unit 206 includes data bus 216M for high-order n bits and data bus 216L for low-order n bits. 

[0065] 

As shown in Figure 3, processing unit 200 includes selectors 350, 352, 354, 356 
connected to read bus group 310, selectors 360, 362, 364, 366, 368, 370 with the outputs of 
selectors 350, 352, 354, 356 and data buses 216, 224, etc. connected to their inputs, multiplier 
(MPY) 380 with the outputs of selectors 360 and 363 connected to its inputs, a first adder 
(ADD0) 384 having two inputs connected to the outputs of selectors 368 and 370, a second adder 
(ADD1) 382 having two inputs connected to the outputs of selectors 364 and 366, crossbar 
switch (CBS) 392 that connects the n-bit outputs MPM and MPL of multiplier 380 to the outputs 
of adders 384, 382 and connects each output data to the data buses 210M and 220M for 
high-order n bits or the data buses 210L and 220L for low-order n bits of output data buses 210, 
220, and selector (SELW) 390 that outputs the two outputs MPM, MPL of multiplier 380 and the 
outputs of two adders 382, 384 to one of the four memory write buses 400, 402, 404, 406 of 
memory write bus group 282. Selector 390 and memory write buses 400, 402, 404, 406 are 
connected by data buses 410, 412, 414, 416, respectively. Crossbar switch 392 is connected to 
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data buses 210, 220 by 2n-bit data buses 420, 422, respectively. The high-order n bits of data bus 
420 are connected to data bus 210M, while the low-order n bits are connected to data bus 210L. 
The high-order n bits of data bus 422 are connected to data bus 220M, while the low-order n bits 
are connected to data bus 220L. 

[0066] 

Four groups of data buses 330, 332, 334, 336 are connected to the inputs of selectors 350 
and 354. Four groups of data buses 340, 342, 344, 346 are connected to the inputs of selectors 
352,356. 

[0067] 

The output of selector 350 is connected to one of the inputs of selector 36. The data bus 
224 for high-order n bits of data bus 224 is connected to the other input of selector 360. The 
output of selector 352 is connected to one of the inputs of selector 362. The data bus 216M for 
high-order n bits of data bus 216 is connected to the other input of selector 362. 

[0068] 

Each of selectors 364, 366 has three inputs. The output of selector 354 is connected to 
one of the inputs of selector 364. The data bus 224M for high-order n bits of data bus 224 is 
connected to another input of selector 364. The output AD1 of adder 382 is connected to the 
remaining input of selector 364. The output of selector 356 is connected to one of the inputs of 
selector 366. The high-order n bits MPM in the output of multiplier 380 are provided to another 
input of selector 366. The data bus 216M for high-order n bits of data bus 216 is connected to the 
remaining input of selector 366. 

[0069] 

Each of selectors 368, 370 has four inputs. The output ADO of adder 384 is provided to 
the first input of selector 368. The output of selector 350 is provided to the second input. The 
data bus 224L for low-order n bits of data bus 224 is connected to the third input. The data bus 
224M for high-order n bits of data bus 224 is connected to the fourth input. The first input of 
selector 370 is connected to the output of selector 352. The second input is connected to the data 
bus 216L for low-order n bits of data bus 216. The low-order n bits MPL of the output of 
multiplier MPY 380 are provided to the third input. The fourth input is connected to the output of 
selector 356. 
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[0070] 

A carry output switch 386 is arranged between the carry output of adder 384 and the 
carry input of adder 382. Carry output switch 386 is opened/closed depending on control signal 
CC. 

[0071] 

As shown in Figure 4, the four data buses 400, 402, 404, 406 of memory write bus group 
282 are connected to data buses 270, 272, 274, 276, respectively. On the other hand, memory 
read bus group 280 includes 8 memory read buses 290-297. Data memory 270 is connected to 
memory read buses 290, 291 by memory read buses 300, 301 . Data memory 272 is connected to 
memory read buses 292, 293 by memory read buses 302, 303. Data memory 274 is connected to 
memory read buses 294, 295 by memory read buses 304, 305. Data memory 276 is connected to 
memory read buses 296, 297 by memory read buses 306, 307. Memory read buses 290-297 are 
branched and connected to processing units 200, 202, 204, 206 shown in Figure 2 as memory 
read bus group 310, 312, 314, 316. 

[0072] 

The following operations can be carried out by the processing unit having the 
configuration shown in Figure 3. 

[0073] 

(1) nxn bit multiplication, n+n-bit addition between the data read from the data 
memories. 

[0074] 

(2) nxn bit multiplication, n+n-bit addition between the data read from the data memories 
and the data provided from data bus 224M or 216M. 

[0075] 

(3) nxn bit multiplication, n+n-bit addition between the data on data buses 224M and 

216M. 
[0076] 

(4) Addition between the high-order n bits (MPM) of the multiplication result output 
from multiplier 380 and the data on data bus 224M, addition between the low-order n bits (MPL) 
of the output of the multiplier MPY and the data on data bus 224. 
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[0077] 

(5) Addition between the high-order n bits (MPM) of the multiplication result and the 
data read from the data memories, addition between the low-order n bits (MPL) of the 
multiplication result and the data read from the data memories. 

[0078] 

(6) Addition between the high-order n bits (MPM) of the multiplication result and the 
addition result of adder 382, addition between the low-order n bits (MPL) of the multiplication 
result and the addition result of adder (384) (sum-of-products operation). 

[0079] 

(7) Addition between the 2n-bit number expressed by data buses 224M and 224L and the 
2n-bit number expressed by data buses 216M and 216L. 

[0080] 

The control system for the parallel processing processor of the first application example 
shown in Figures 1-4 is explained below. In the parallel processing processor of the first 
application example, each processing unit is controlled independently. There are instruction 
memories 260, 262, 264, 266 corresponding to the processing units (see Figure 2). 

[0081] 

The instructions of each processing unit are classified into at least two systems, that is, 
data memory control instruction used for controlling the data memories and the computing 
element control instructions used for controlling the computing elements in the processing unit. 
The data memory control instructions are output from control circuits 250, 252, 254, 256 shown 
in Figure 2 to the buses connected to the corresponding data memories 290, 292, 294, 296. The 
computing element control instructions are output from controls circuits 250, 252, 254, 256 to 
the buses going to corresponding processing units 200, 202, 204, 206. 

[0082] 

Figure 5(a) shows the form of data memory control instruction 430. Data memory control 
instruction 430 includes OP field 432, srcO, scrl fields 434, 436, and dst field 438. 
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[0083] 

OP field 432 is used to designate the address mode. ScrO, scrl fields are used to 
designated the two addresses of the data read from the corresponding data memory. The dst field 
438 is used to designate the address of the data written into the data memory and the connection 
between the outputs of the computing elements and memory write buses 400, 402, 404, 406. 

[0084] 

Figure 5(b) shows the form of computing element control instruction 450. Computing 
element control instruction 450 includes MPY field used for controlling the multiplier, ADD1 
field, ADD0 field used for controlling adders ADD1, ADD0, and SEL field storing the data used 
for selecting four data from 8 memory read buses 290-297. 

[0085] 

MPY field includes OP0 field 452, scrOO field 454, scrOl field 456, and dstO field 458. 
ADD1 field includes OP1 field 460, srclO field 462, srcl 1 field 464, dstl field 466. ADD0 field 
include OP2 field 468, src20 field 470, src21 field 472, dst2 field 474. 

[0086] 

OP0 field 452, OP1 field 460, and OP2 field 468 are used to designate the operation 
contents of the corresponding computing elements. ScrcOO field 454, srcOl field 456, srclO field 
462, srcl 1 field 464, src20 field 470, src21 field 472 store the data used for controlling the 
selectors set at the input of each computing element. dstO field 458, dstl field 466, dst2 field 474 
store data used for controlling crossbar switch CBS 392 (Figure 3) used for connecting the 
computing elements and the data buses. 

[0087] 

SEL field includes SEL0 field 476, SEL1 field 478, SEL2 field 480, and SEL3 field 482. 
Each field stores data used for selecting one from 8 memory read buses. Consequently, four data 
are selected by the SEL field. 

[0088] 

Among the fields shown in Figure 5(b), dstO field 458 is further divided into two fields 
dstOO field and dstOl field not shown in the figure. They are used to store data for designating the 
output destinations of the two outputs MPM and MPL of the multiplier MPY. 
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[0089] 

The values of the data stored in fields 454, 456, 458 (the aforementioned two fields dstOO, 
dstOl) and fields 462, 464, 466, 470, 472, 474 shown in Figure 5(b) and the selecting operations 
of each selector corresponding to each value are shown in the following Tables 1-10. 



[0090] 



Table 1 
[First table] 
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Table 2 
[Third table] 



^ d :•. 1 r; o 



U i 



•'IS J J 

J'-X 2 1 il L 
■ 7 '-'X J 2 0 M 



Key: 1 
2 



Output destination 
Data bus 



[Fourth table] 



(.1 a 1 0 i 


,'{', -X 


(J 0 


•r~3"<X 2 i DM 


0 1 


;"- i"<X ii J 0 L 




•f - ? k; i.» M 


i 1 


A 2 2 0 L 



Key: 1 Output destination 
2 Data bus 



[0092] 



Table 3 
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Table 4 
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Dst field 438 shown in Figure 5(a) is further divided into three fields, that is, field PU 
selecting field 440, SELW control field 442, and write address designation field 444. Among 
these fields, fields 440, 442 have a 2-bit length. The values of the data stored in said fields 440, 
442, the processing unit selected by each value, and the list of the output of each computing 
element selected by SELW are shown in the following Tables 1 1 and 12. 
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[0094] 
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Table 5 
[Eleventh table] 



0 0 



p u « o 



© 



1 it 



P U 0 i I 



Pli I o 
PU 1 i 



PU selecting field 
Selected PU 
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Control circuits 250, 252, 254, 256 shown in Figure 2 control each selector as shown in 
the first-twelfth tables according to the instructions shown in Figures 5, 6. 



[0095] 

Figure 6 shows the form of storing instructions in instruction memories 260, 262, 264, 
266 shown in Figure 2. In Figure 6, "MCNT" means data memory control instruction, while 
"PCNT" means computing element control instruction. Instruction memory 260 basically stores 
the aforementioned data memory control instruction and the computing element control 
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instruction as a group as shown by instructions 490 and 492. The numbers (100, 101, 102, 103) 
shown on the left side of instruction memory 216 in Figure 6 indicate the addresses of instruction 
memory 260. In the example shown in Figure 6, MCNT instruction 490 is stored at address 1 00 
and PCNT instruction 492 is stored at address 101. When the program counter address points to 
"100," CNT instruction 490 at address 100 will be read out as the next instruction. 

[0096] 

The instructions are processed as described above with data memory control instruction 
MCNT and computing element control instruction PCNT as a group. However, when the same 
operation is repeated for a large amount of data, it is only necessary to set the input conditions 
and the operation content once at the beginning for each computing element. After that, the 
processing can be carried out by sequentially changing the address of the data memory indicating 
the position of the data. In this case, as indicated by addresses 102, 103 in Figure 6, MCNT 
instructions 494, 496 are stored consecutively in instruction memory 260. Each computing 
element carries out the same operation content repeatedly based on the computing element 
control instruction set in the previous round until receiving the next computing element control 
instruction PCNT. 

[0097] 

In the following, the operation of the parallel processing processor disclosed in the first 
application example will be explained based on specific examples. In the following example, the 
selectors and crossbar switch in each processing unit are switched appropriately to provide 
desired connections under the instructions set appropriately to provide the connection shown in 
each diagram according to the first-twelfth tables. 

[0098] 

Figure 7 shows an example, in which each of processing units 200, 202, 204, 206 carries 
out an n-bit precision operation independently. In this case, the data buses for connecting the 
processing units are not used. In each of processing units PU00-PU10 (240, 242, 244, 246), "X" 
means a multiplier, while "+" means an adder. 

[0099] 

In processing unit 200, both of the inputs of the multiplier are the data read from the data 
memory. The multiplier has an nxn-bit configuration. Its output has 2n bits. Selector SELW 390 
shown in Figure 3 is set such that after the high-order n bits or 2n bits in the output of the 
multiplier are rounded off, the high-order n bits are output to the data memory. Although a 
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special hardware for rounding off is needed, since it has no direct relationship to this patent 
application, it will not be explained. 

[0100] 

In processing units 202, 204, the data read from the data memory are provided to the two 
inputs of one of the adders. In other words, the selection in the input part of each adder is set 
appropriately to select the data read from the data memory. In processing unit 206, a 
sum-of-products operation is carried out. In other words, the two data read from the data memory 
are provided to the two inputs of the multiplier. The high-order n bits in the output of the 
multiplier are provided to one of the inputs of the adder, and the output of the adder is provided 
to the other input of that adder itself. 

[0101] 

In the connection example shown in Figure 7, the output from each processing unit is 
written into the data memory via memory write buses 400, 402, 404, 406 (see Figure 3). This is 
the same in other connection examples to be described later. Selector SELW 390 of each 
processing unit is controlled appropriately so that the output of the multiplier or adder, from 
which the desired computation result is obtained, is written to the desired memory write bus 
among memory write buses 400, 402, 404, 406. 

[0102] 

Figure 8 shows the connection relationship of the data buses of the parallel processing 
processor in this application example when carrying out multiplication with a double precision of 
2n bits. The data used as the multiplication objects are taken as a, b. The high-order n bits and 
low-order n bits of data a are represented by al, aO, respectively. The high-order n bits and 
low-order n bits of data b are represented by bl, bO, respectively. Multiplication "axb" is 
expressed as follows. 

[0103] 

(a0+al)x(b0+bl) 

=a0xb0 + aOxbl + alxbO + alxbl 

In other words, multiplication axb between 2n-bit numbers can be divided into the sum of four 
multiplications between n-bit numbers, that is, aOxbO, aOxbl, alxbO, alxbl. The connection 
example shown in Figure 8 is used to carry out the aforementioned calculation after dividing the 
two 2n-bit numbers a, b into high-order n bits and low-order n bits. 
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[0104] 

In the following, the connection relationship in each processing unit will be explained. In 
each processing unit, the adder on the left side is ADD1, while the adder on the right side is 
ADDO. 

[0105] 

In processing unit 200, each selector is set appropriately so that the two data read from 
the data memory are provided to the two inputs of the multiplier. The high-order n bits out of the 
2n bits in the output of the multiplier are connected to one of the inputs of adder ADDO in 
processing unit 202 via data bus 20 1L. The output of adder ADD1 of processing unit 206 is 
connected to the other input via data bus 216M. The output of adder ADDO in processing unit 
200 is connected to one of its own inputs. The output of adder ADDO in processing unit 206 is 
connected to the other input via data bus 2 1 6L. The carry C from adder ADDO is provided to the 
carry input of adder ADD1 . 

[0106] 

In processing unit 202, the selectors are set appropriately so that the two data read from 
the data memory are provided to the two inputs of the multiplier. The high-order n bits out of the 
2n bits output from the multiplier are provided to one of the inputs of adder ADD1 in processing 
unit 202. Constant "0" is provided to the other input of adder ADD1. The output of multiplier 
[sic, adder] ADD1 in processing unit 202 is connected to one of the inputs of adder ADD1 in 
processing unit 204 via data bus 212M. The low-order n bits of the multiplier in processing unit 
202 are provided to one of the inputs of adder ADDO in processing unit 202. The high-order n 
bits of the output of the multiplier in processing unit 200 are provided to the other input as 
described above. In processing unit 202, carry output C of adder ADDO is also provided to adder 
ADD1. 



[0107] 

In processing unit 204, the two data read from the data memory are provided to the two 
inputs of the multiplier. The high-order n bits among the 2n-bit output of the multiplier are 
connected to one of the inputs of adder ADD 1 , and the low-order n bits are connected to one of 
the inputs of adder ADDO. The other input of adder ADDO is connected to the output of adder 
ADDO in processing unit 202 via data bus 212L. The carry output C of adder ADDO is provided 
to adder ADD1. The output of adder ADD1 is connected to one of the inputs of adder ADDO of 
processing unit 206 via data bus 2 14L. 
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[0108] 

In processing unit 206, the selectors are set appropriately so that the two data read from 
the data memory are provided to the two inputs of the multiplier. The high-order n bits in the 
output of the multiplier are provided to one of the inputs of adder ADD1 . The low-order n bits 
are connected to one of the inputs of adder ADDO. Constant 0 is provided to the other input of 
adder ADD1. The output of adder ADD1 of processing unit 204 is connected to the other input 
of adder ADDO via data bus 214L. The output of adder ADDO is connected to one of the inputs 
of adder ADDO of processing unit 200 via data bus 216L. The output of adder ADD1 is 
connected to one of the inputs of adder ADD1 of processing unit 200 via data bus 216M. The 
carry output of adder ADDO is provided to the carry input of adder ADD1 . 

[0109] 

For the connection shown in Figure 8, the operation is started from multiplication of the 
least significant bit array. Said data aO and bO are provided from data memory to the multiplier in 
processing unit 200. Said data al and bO are provided to the multiplier in processing unit 202 via 
the data memory. Said data aO and bl are provided from the data memory to the multiplier in 
processing unit 204. Data al and bl are provided from the data memory to the multiplier in 
processing unit 206. 

[0110] 

The high-order n bits of the multiplication result in processing unit 200 are provided to 
adder ADDO of processing unit 202 via data bus 210L. Data bus 210L is used for the low-order n 
bits of data bus 210. Outputting the high-order n bits of the multiplication result to the low-order 
n bits of the data bus is virtually equivalent to shifting the data to lower order by n bits. 

[0111] 

The two adders ADDO, ADD1 Of processing unit 202 performs 2n-bit addition between 
the multiplication result alxbO of the multiplier and aOxbO obtained by shifting the data to lower 
order by n bits. The high-order n bits of the addition result are provided to processing unit 204 
via data bus 2 1 2M, and the low-order n bits are provided to processing unit 204 via data bus 
212L. In other words, the data are not shifted in this case. 

[0112] 

For the selectors in the input part of the multiplier of processing unit 204, the connection 
is set such that data aO and bl read from the data memory are provided to the input of the 
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multiplier. The high-order n bits of the output of the multiplier are provided to adder ADD1 , 
while the low-order n bits are provided to adder ADDO. Since carry input/output is performed 
between the two adders of processing unit 204, adders ADDO and ADD1 performs 2n-bit 
addition by adding aOxbl to the 2n-bit data output from processing unit 202. 

[0113] 

For the selectors set in the input part of the multiplier of processing unit 206, the 
connection is set such that data al and abl from the data memory are provided to the two inputs 
of the multiplier. The high-order n bits of the output of the multiplier are provided to adder 
ADD1 . The low-order n bits are provided to adder ADDO. The high-order n bits of the result of 
the addition performed in processing unit 204 are shifted to lower order by n bits and are 
provided to adder ADDO in processing unit 206 via data bus 214L for the low-order n bits of data 
bus 214. Consequently, processing unit 206 performs 2n-bit addition by adding alxbl to the 
output of processing unit 206 shifted to the lower order by n bits. 

[0114] 

As described above, the multiplication result of axb between 2n bits is obtained at the 
output of processing unit 206. 

[0115] 

In the case of performing a sum-of-products operation, the outputs of adders ADDO and 
ADD1 in processing unit 206 shown in Figure 8 are provided to adders ADDO and ADD1 of 
processing unit 200 via data buss 2 1 6L and 2 1 6M, respectively. 

[0116] 

In the connection example shown in Figure 8, all of the multipliers and the adders in 
processing units 202, 204, 206 are needed to perform a multiplication with a 2n-bit precision. At 
the same time, 2n-bit precision operation can also be performed using the adders in processing 
unit 200. Consequently, in this connection example, the processor can carry out one round of 
multiplication with a 2n-bit precision and one round of addition with a 2n-bit precision at the 
same time. Figure 9 shows a connection example in the case of performing a butterfly operation 
used for FTT (high-speed Fourier transformation) in the processor of this application example. 
The operation has an n-bit precision. In the butterfly operation, operations expressed as c+axb 
and c-axb are carried out between three complex numbers a, b, c. If ar, br, cr represent the real 
numbers of a, b, c, ai, bi, ci represent the imaginary numbers, and j represents the imaginary 
number unit, a, b, c are expressed as follows. 
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[0017] 

a=ar+j.ai 
b=br+j.bi 
c=cr+j.ci 

c+axb and c-axb can be calculated in the following four formulas by combining the real numbers 
and the imaginary numbers. 

••• ( 1 ) 

...,'')■. 

•- (3) 

■ i ,.|. ) 

In appearance, it is necessary to carry out four operations in order to derive each of 
formulas (l)-(4). However, since these formulas have common items, only 4 multiplications and 
6 additions (or subtractions) are actually needed. The connection for carrying out this butterfly 
operation is shown in Figure 9. 



[0118] 

c r 4- i a r X b 

c i — I a r X b 

C t' — ( a r X b 

c i - i a r X b 



r — a i X b i ) 

i ta i X b r ) 

r - a i X b i ) 

i + a i X b r ,) 



[0119] 

As shown in Figure 9, in processing unit 200, two data read from the data memory are 
provided to the two inputs of the multiplier. The high-order n bits in the input of the multiplier 
are provided to one of the inputs of the adder ADD1 in processing unit 200, while data bus 224M 
is connected to the other input. The output of adder ADD1 is connected to data bus 220M. 

[0120] 

Two data read from the data memory are provided to the two inputs of the multiplier in 
processing unit 202. The high-order n bits in the output of the multiplier are connected to one of 
the inputs of adder ADD Tin processing unit 202, while data bus 226M is connected to the other 
input. The output of adder ADD lis connected to data bus 222M. 

[0121] 

Two data read from the data memory are provided to the two inputs of the multiplier in 
processing unit 204. The high-order n bits of the output of the multiplier are connected to 
processing unit 200 via data bus 224M. The data from the data memory are provided to the other 
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input of adder ADD1. The inputs of adder ADDO are also common connected to the inputs of 
adder ADD 1. 

[0122] 

Two data read from the data memory are provided to the two inputs of the multiplier in 
processing unit 206. The high-order n bits of the output of the multiplier are connected to 
processing unit 202 via data bus 226M. One of the inputs of two adders ADDO, ADD1 in 
processing unit 206 are commonly connected to processing unit 202 via data bus 222M. The data 
from the data memory are commonly provided to the other inputs. 

[0123] 

For both processing units 204 and 206, addition is performed in one of adders ADDO or 
ADD1, while subtraction is performed in the other adder. 

[0124] 

In the processor connected as shown in Figure 9, when data are provided as follows, 
cr+(ar.br-ai.bi) and cr-(ar.br-aibi), ci+(ar.bi+ai.br) and ci-(ar.bi+ai.br) are obtained as the outputs 
of the adders in processing units 204 and 206, respectively. 

[0125] 

ar, br read from the data memory are provided to the two inputs of the multiplier in 
processing unit 200. ar, bi read from the data memory are provided to the two inputs of the 
multiplier in processing unit 202. ai, bi read from the data memory are provided to the two inputs 
of the multiplier in processing unit 204. cr read from the data memory is provided to one of the 
inputs of two adders ADDO, ADD1 in processing unit 204. ai, br erad from the data memory are 
provided to the two inputs of the multiplier in processing unit 206. ci read from the data memory 
is provided to one of the inputs of two adders ADDO and ADD1 in processing unit 206. 

[0126] 

ai.bi is provided via data bus 224M to processing unit 200 from the multiplier o 
fprocessing unit 204. ar.br-aibi is provided via data bus 220M to processing unit 204 from the 
adders in processing unit 200. The addition and subtraction between ci and ar.br-ai.bi are 
performed by the two adders in processing unit 204, respectively. Consequently, said formulas 
(1) and (3) are obtained at the two outputs of the adders as described above. 
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[0127] 

ai.br is provided from the multiplier in processing unit 206 to processing unit 202 via data 
bus 226M. The adder ADD1 in processing unit 202 outputs ar.bi+ai.br. The output is provided to 
the two adders in processing unit 206 via data bus 222M. Addition is performed between ci and 
ar.bi+ai.br by one of the two adders in processing unit 206, while subtraction is performed by the 
other adder. Consequently, said formulas (2) and (4) are obtained as the outputs of the two 
adders in processing unit 206. 

[0128] 

In this example, the 2n-bit data output from the multipliers of processing unit s206, 204 
are rounded off to n bits by an appropriate rounding-off operation before they are input into the 
adders. 

[0129] 

Figure 1 0 shows the data bus connection between the processing units in the processor 
when performing a sum-of-products operation with an n-bit precision. The operation of adding 
ai.bi while changing i can be performed in a unit of four items since the processor includes four 
processing units. First, the connection example of the processor shown in Figure 10 will be 
explained. 

[0130] 

Two data read from the data memory are provided to the two inputs of the multiplier in 
processing unit 200. The high-order n bits of the output of the multiplier in invention unit 200 are 
provided to one of the inputs of adder ADD1 . The other input of adder ADD1 is connected to 
data bus 224M. The output of adder ADD1 is connected to processing unit 204 via data bus 
220M. 

[0131] 

Two data read from the data memory are provided to the two inputs of the multiplier in 
processing unit 202. The output of the multiplier is connected to one of the inputs of adder 
ADD1 . Data bus 226M is connected to the other input of adder ADD1 . The output of adder 
ADD1 is connected to processing unit 204 via data bus 212M. 

[0132] 

Two data read from the data memory are provided to the two inputs of the multiplier in 
processing unit 204. The high-order n bits in the output of the multiplier are connected to one of 
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the inputs of adder ADD1 of processing unit 200 via data bus 224M. One of the inputs of adder 
ADD1 Of processing unit 204 is connected to data bus 12M, and the other input is connected to 
data bus 220M. The output of adder ADD1 is connected to processing unit 206 via data bus 
214M. 

[0133] 

Two data read from the data memory are input to the two inputs of the multiplier of 
processing unit 206. The high-order n bits in the output of the multiplier are connected to one of 
the inputs of adder ADD1 of processing unit 202 via data bus 226M. One of the inputs of adder 
ADD1 of processing unit 206 is connected to processing unit 204 via data bus 214M. The other 
input is connected to the output of adder ADD1 itself. 

[0134] 

In the processor connected as shown in Figure 10, a sum-of-products operation with n-bit 
precision is performed as follows. 

[0135] 

(aO, bO), (al,bl), (a2, b2), (a3, b3) are provided from the respective data memories to 
processing units 200, 202, 204, 206. aObO, albl, a2b2, a3b3 are obtained as the outputs of the 
multipliers in processing units 200, 202, 204, 206. 

[0136] 

a0b0+a2b2 is obtained as the output of processing unit 200, and albl+a3b3 is obtained as 
the output of processing unit 202. They are added by adder ADD1 in processing unit 204 to 
obtain a0b0+albl+a2b2+a3b3. In this example, the 2n bits of the output of each multiplier are 
rounded off to n bits by an appropriate rounding-off operation before they are input into the 
adders. 

[0137] 

Figure 1 1 shows a connection example in the case of performing a sum-of-products 
operation with n-bit precision using another method in the processor of this application example. 
In the data bus connection shown in Figure 10, a sum of products is obtained every four items. In 
the connection shown in Figure 11, ai+1, bi+1 are input after delayed by 1 clock with respect to 
ai, bi. As a result, the result of adding one item a time is obtained as the output of each 
processing unit. The final result is obtained at the output of the adder in processing unit 200 for 
the sum of products of every 4 items. 
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[0138] 

The connection shown in Figure 1 1 is as follows. In processing unit 200, two data (aO, 
bO) read from the data memory are provided to the two inputs of the multiplier. The high-order n 
bits of the output of the multiplier are connected to one of the inputs of adder ADD1 in 
processing unit 202. One of the inputs of adder ADD1 in processing unit 200 is connected to data 
bus 216M. The other input is connected to the output of adder ADD1 itself. 

[0139] 

In processing unit 202, two data (al, bl) read from the data memory are provided to the 
two inputs of the multiplier. The high-order n bits in the output of the multiplier are connected to 
one of the inputs of adder ADD1 in processing unit 202. The other input of adder ADD1 is 
connected to the high-order n bits of the output of the multiplier in processing unit 200. The 
output of adder ADD1 is connected to data bus 212M. 

[0140] 

In processing unit 204, two data (a2, b2) read from the data memory are provided to the 
two inputs of the multiplier. The high-order n bits of the output of the multiplier are connected to 
one of the inputs of adder ADD1 of processing unit 204. The other input of adder ADD1 is 
connected to the output of adder ADD1 of processing unit 202 via data bus 212M. The output of 
adder ADD1 in processing unit 204 is connected to data bus 214M. 

[0141] 

Two data (a3, b3) read from the data memory are provided to the two inputs of the 
multiplier in processing unit 206. The high-order n bits of the output of the multiplier are 
connected to one of the inputs of adder ADD1 of processing unit 206. The other input of adder 
ADD1 is connected to processing unit 204 via data bus 214M. The output of the adder ADD1 in 
processing unit 206 is connected to one of the inputs of adder ADD1 in processing unit 200 via 
databus216M. 

[0142] 

In the processor connected as shown in Figure 1 , the following sum-of-products 
operation is carried out. First, aObO is obtained as the output of the multiplier in processing unit 
200. Then, aObO+albl is obtained as the output of the adder in processing unit 202. Then, 
a0b0+albl+a2b2 is obtained as the output of the adder in processing unit 204. Also, 
aObO+albl+a2b2+a3b3 is obtained as the output of processing unit 206. 
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[0143] 

In this example, the 2n bits of the output of the multiplier in each processing unit are 
rounded off to n bits by an appropriate rounding-off operation before they are input into the 
adders. 

[0144] 

In the processor disclosed in the aforementioned first application example, a wide range 
of operations can be carried out by appropriately switching the selectors in each processing unit. 
Since the processing units have exactly the same configuration, the layout and connection 
relationship in the processor are simple. Also, since the processing units have the same 
configuration, the control instructions for controlling these processing units are interchangeable, 
and the processor can be controlled easily. Also, 2n-bit width data buses can be used between the 
processing units to provide the high-order n bits in the multiplication result as the low-order n 
bits of the next operation to another processing unit. Consequently, data can be shifted by n bits 
without using a data shifting means so that a variety of operations can be carried Out using a 
simple circuit. Since the shift processing is unnecessary, the processing speed can be increased. 

[0145] 

Second application example 

Figure 12 shows one (PU00) of the processing units used for the processor disclosed in 
the second application example. This processing unit 520 is different from processing unit 200 
disclosed in the first application example shown in Figure 3 in the fact that it also includes a 
ROM (read only memory) 530 that receives the address from selector 350 and outputs the data at 
that address to the input of selector 360. The rest of the configuration of processing unit 520 is 
exactly the same as processing unit shown in Figure 30. Consequently, the rest of the 
configuration will not be explained in detail. 

[0146] 

• If the processor includes four of said processing units, the other three processing units 
(PU01, PU10, PU1 1) have exactly the same configuration as said processing unit 520. 

[0147] 

The processing unit 520 in the processor disclosed in the second application example 
shown in Figure 12 can also perform the following operation besides the operation of processing 
unit 200 of the first application example shown in Figure 3. The address of ROM 530 is input 
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from the data memory into processing unit 520. The address signal is selected by selector 350 
and is applied to ROM 530. ROM 530 provides the data stored at the designated address to 
selector 360. Selector 360 selects that data and provides it to one of the inputs of multiplier 380. 

[0148] 

Data used for division performed using the Newton-Raphson method or for 
extraction-of-the-square-root operation are stored in ROM 530. For the division performed using 
the Newton-Raphson method, first, the reciprocal of the divisor is derived by a recurrence 
formula depending on multiplication and addition. Finally, the dividend is divided by that 
reciprocal to derive the solution. In this case, it is a well-known fact that if the initial 
approximate value is not a sufficiently close value when deriving the reciprocal using the 
recurrence formula, the convergence of the recurrence formula becomes poor. This approximate 
value is stored in the ROM in advance. When it is used as the initial approximate value for the 
operation, the convergence of the recurrence formula can be improved significantly. The 
aforementioned operation can be carried out efficiently. 

[0149] 

Third application example 

Figure 13 shows the main parts of the third application example of the processor 
disclosed in the present invention. The processor of the third application example executes 
instructions in a different way from the first application example. In the third application 
example, instruction memory 542 shown in Figures 13 and 14 is used instead of instruction 
memory 260 (see Figure 2) used in the first application example. Figures 13 and 14 only shows 
instruction memory 542 used for controlling processing unit 200. Other instruction memories 
used for controlling other processing units have exactly the same configuration as instruction 
memory 542. 

[0150] 

As shown in Figure 13, processing unit of this processor is directly controlled by control 
circuit 540. Control circuit 540 controls processing unit 200 according to the computing element 
control instruction provided from instruction memory 542. Instruction memory 542 is also 
connected to data memory 270. It is used to provide the data memory control instruction directly 
to data memory 270 without going through control circuit 540. 
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[0151] 

As shown in Figure 14, instruction memory 542 includes memory 550 used for storing 
plural instructions, instruction register 552 used for storing two instructions read from memory 
550, exclusive OR (EXOR) circuit 556 having two inputs connected to instruction register 552, 
switch 554 that is controlled by the output of EXOR circuit 556 and is used to select whether to 
output the second instruction out of the two instructions stored in instruction register 552 to 
control circuit 540 (Figure 13), address computing logic element 558 used for calculating the 
address of the instruction to be read next from memory 550 according to prescribed logic, and 
program counter (PC) 56) used for designating the two consecutive read addresses in memory 
550 according to the computation result of address computing logic element 558. 

[0152] 

The numbers (100, 101, 102, 103) shown on the left side of memory 550 in Figure 14 
indicate the addresses where the instructions are stored. The header (first bit) 570 of each 
instruction 572 stored in memory 550 is a flag indicating whether the instruction is a computing 
element control instruction or a data memory control instruction. In the example shown in Figure 
14, if the first bit 570 is "0," the instruction is a memory control instruction. If it is " 1 ," the 
instruction is a computing element control instruction. 

[0153] 

Similarly, instruction register 552 also has a region for storing instruction 5 82. and a 
region for storing the first bit 580. Instruction register 552 has two regions for storing these 
instructions, and the first bits are connected to the two inputs of EXOR circuit 556, respectively. 

[0154] 

Instruction memory 542 in the third application example shown in Figure 14 is used to 
further improve the control on the processor described in the first application example. In the 
processor of the first application example, the instructions are output one at a time from the 
instruction memory. After it is determined whether the instruction is a data memory control 
instruction or a computing element control instruction, the data memory or the computing 
element of each processing unit is controlled based on the identification result. However, the data 
memory and the computing element can be operated (controlled) independently from each other. 
Consequently, when a data memory control instruction and a computing element control 
instruction are stored consecutively in the instruction memory, these two instructions are 
executed at the same time. However, the efficiency is better if they are executed sequentially. 
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The third application example is used to improve the control method of the processor with 
respect to this fact. 

[0155] 

As shown in Figure 14, pointer 1 (PC+A) of program counter 560 points to address 100, 
while pointer 2 (PC+A+1) points to address 101. The instructions at addresses 100 and 101 are 
read into instruction register (IReg) at the same time. The first bits 580 of the two instruction 
stored in instruction register 552 are provided to the two inputs of EXOR circuit 556, 
respectively. The output of EXOR circuit 556 is "0" if the two first bits 580 stored in instruction 
register 552 are both "1" or "0." If the header bit of the instruction is set to "0" for data memory 
control instruction and to "1" for computing element control instruction, it is able to determine 
whether the two instructions are of the same system depending on the output of the EXOR 
circuit. 

[0156] 

If the output of the EXOR circuit is "1," switch 554 is closed. In this case, the second 
instruction (PCNT instruction in the example shown in Figure 14) is sent to control circuit 540 
(Figure 13). If the output of EXOR circuit 556 is 0, switch 554 is open, and the second 
instruction is not sent to control circuit 540. On the other hand, the first instruction is constantly 
sent to the data memory. 

[0157] 

If the output of EXOR circuit 556 is "1," 2 is substituted into the A of program counter 
560 by address computing logic element 558. If the input is "0," 1 is substituted to A and is 
provided to program counter 560. In other words, if instruction of different systems are read out, 
the pointer 1 (PC+A) of program counter 560 points to the next address 102 in memory 550. 
Pointer 2 (PC+A+1) points to address 103. Consequently, the instruction at address 101 will not 
be changed or read. 

[0158] 

When instructions of the same system are read out, pointer 1 (PC+A) points to address 
101, and pointer 2 (PC+A+1) points to address 102. In this case, the instructions at addresses 101 
and 102 are read out at the same time and are stored in instruction register 552. Then, the 
instructions are identified as described above, and transfer of the instructions and address 
computation are carried out based on the identification result. 
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[0159] 

In the third application example, instructions are always read out two at a time. If they are 
of the same system, the second instruction is not executed, the program counter is incremented 
by 1, and two instructions including the second instruction are read out next. If the instructions 
are of different systems, the two instructions are executed at the same time, the program counter 
is incremented by 2, and the next two instructions after the aforementioned second instruction 
are read out next. When a data memory control instruction and a computing element control 
instruction are stored consecutively, they can be executed at the same time to improve the 
operation efficiency of the processor. Also, since each computing element operates according to 
the computing element control instruction input previously, the same operation can be carried out 
efficiently with respect to different data by providing the control instruction in the data memory 
repeatedly. 

[0160] 

Fourth application example 

Figure 15 shows the processor disclosed in the fourth application example of the present 
invention. The processor shown in Figure 1 5 includes 8 processing units 600, 602, 604, 606, 608, 
610, 612, 614 and 8 data memories 620, 622, 624, 626, 628, 630, 632, 634. The number attached 
to each processing unit indicates the address of that processing unit expressed in binary number. 
The number attached to data memory (DM) also indicates the address. 

[0161] 

This processor also include memory write bus group 680 connected to data memories 
620, 622, 624, 626, 628, 630, 632, 634 by data bus group 690, 692, 694, 696, 698, 700, 702, 704, 
706, memory read bus group 682 that is connected to data memories 620, 622, 624, 626 and is 
connected to processing units 600, 602, 604, 606 by data bus group 710, 712, 714, 716, and 
memory read bus group 684 that is connected to data memories 628, 630, 632, 634 and is 
connected to processing units 608, 610, 612, 614 by data bus group 718, 720, 722, 724. 

[0162] 

Also, as described in the first application example, this processor includes data buses 640, 
642, 644, 646, 648, 650, 652, 654 that connect the processing units whose addresses differ by 1 
monodirectionally and sequentially in a loop as well as data buses 660, 662, 664, 666, 668, 670, 
672, 674 that connect the processing units whose addresses differ by 2 bidirectionally. Each of 
data bus group 660, 662, 664, 666, 668, 670, 672, 674 includes a pair of data buses in opposite 
directions. 
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[0163] 

In the configuration shown in Figure 15, there are three inputs and three outputs as the 
data buses between one processing unit and another processing unit. This is the same for each 
processing unit. Also, the processing units and the data memories are classified into two groups, 
each of which includes four processing units and four data memories. The first group includes 
processing units 600,6 02, 604, 606 and data memories 620, 622, 624, 626. The second group 
includes processing unit 608, 610, 612, 614 and data memories 628, 630, 632, 634. The data 
memories and the processing units in each group are connected by memory read bus groups 682, 
684, respectively. Also, each processing unit and memory write bus 680 are connected by a 
memory write bus group not shown in the figure so that data can be written from each processing 
unit to any of the data memories. Communication between the groups is carried out as described 
above via data memories. 

[0164] 

The data buses are grouped as shown in Figure 1 5 so that the read buses of the data 
memories can be shortened as much as possible. The speed will become slow as the read buses 
of the data memories are extended. When the processing units are grouped in a unit of 4 to 
shorten the length as described in this application example, the operation speed can be increased. 
In practical application, there are many operations that use processing units in a unit of 4, such as 
double precision operations and butterfly operations. Consequently, when the processing units 
and the data memories are grouped in a unit of 4 as shown in Figure 1 5, a processor that can 
handle a wide range of operations can be obtained. 

[0165] 

The processor shown in Figure 15 can perform 1 multiplication and 1 addition in double 
precision, butterfly, and sum-of-products operations of every 4 items in each group. Since the 
input data used in each processing unit are in that group, the data can be shared in the group. 
Consequently, it is also possible to include the data read buses from the data memories in the 
group as a variation from the configuration shown in Figure 1 5. 

[0166] 

In the processor shown in Figure 15, the processing units have exactly the same 
configuration. Consequently, the control instructions used for controlling each processing unit 
are interchangeable. Also, the layout of the processing units and the data memories can be 
simplified when manufacturing the processor. Also, when the selectors in each processing unit 
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are switched to realize the desired operation in the same way as described in the first application 
example, more complicated operations using plural processing units can be carried out than in 
the conventional technology. 

[0167] 

Of course, it is also possible to connect the data memory read bus group and the 
processing units in such a way that any processing unit can read data from any data memory. For 
example, a sum-of-products operation of every 8 items can be performed by using 8 processing 
units as one group instead of the grouping method shown in Figure 15. In this case, however, the 
speed of reading data from the data memories may decrease. Also, the grouping method shown 
in Figure 1 5 is preferred when performing an operation of every 4 items. 

[0168] 

Effects of the invention 

Since the processing unit used for parallel processing described in Claim 1 can carry out 
various operations under the control of the control means, it is a general purpose processing unit, 
and the control of the control means is relatively simple. The number of the input/output data 
buses connected to the processing units is the same in all of the invention units, and each 
processing unit has the same configuration. Therefore, the processing units can be easily 
connected to each other when manufacturing a parallel processing processor by combining plural 
processing units. The control over these processing units is also interchangeable. 

[0169] 

As a result, it is possible to provide a processing unit for parallel processing that can 
carry out more kinds of operations under simple control. 

[0170] 

The processing unit described in Claim 2 uses a nxn-bit multiplier and 2 n+n-bit adders 
so that it is possible to carry out typical processing in an operation requiring a large amount data 
processing. 



[0171] 

As a result, it is possible to provide a processing unit for parallel processing that can 
carry out more kinds of operations under simple control. 
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[0172] 

For the processing unit described in Claim 3, an operation between 2n-bit data can be 
carried out efficiently by dividing the data into high-order n bits and low-order n bits and by 
using an nxn-bit multiplier and n+n-bit adder . 

[0173] 

As a result, it is possible to provide a processing unit for parallel processing that can 
carry out more kinds of operations, including double precision operation, under simple control. 

[0174] 

For the processing unit described in Claim 4, it is possible to select the case when the 
carry output of one of the two adders is used or not used as the carry input of the other adder. 
Consequently, it is possible to perform addition of 2n-bit data and two different additions for 
n-bit data. 

[0175] 

As a result, it is possible to provide a processing unit for parallel processing that can 
carry out more kinds of large-quantity operations, including double precision operation, under 
simple control. 

[0176] 

The processing unit described in Claim 5 can be used to efficiently carry out both an 
operation using the addition result of its own adder, such as a sum-of-products operation, and an 
addition using the data provided via the data bus. 

[0177] 

As a result, it is possible to provide a processing unit for parallel processing that can 
carry out more kinds of large-quantity operations, including sum-of-products operation, under 
simple control. 

[0178] 

The processing unit described in Claim 6 can be used to efficiently carry out both an 
operation using the multiplication result to the input of addition, such as a sum-of-products 
operation, and an addition using the data provided via the data bus. 
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[0179] 

As a result, it is possible to provide a processing unit for parallel processing that can 
carry out more kinds of large-quantity operations, including sum-of-products operation, under 
simple control. 

[0180] 

The processing unit described in Claim 7 can be used to efficiently carry out both an 
operation using the multiplication result or addition result as the input of addition, such as a 
sum-of-products operation, and an addition using the data provided via the data bus. 

[0181] 

As a result, it is possible to provide a processing unit for parallel processing that can 
carry out more kinds of large-quantity operations, including sum-of-products operation, under 
simple control. 

' [0182] 

By using the multiplier in the processing unit described in Claim 8, it is possible to freely 
select the configuration used for efficiently performing high-speed operation by using the data 
stored in the read only memory means, such as division using the Newton-Raphson method and 
extraction-of-the-square-root operation, and the configuration used for performing the normal 
operation. 

[0183] 

As a result, it is possible to provide a processing unit for parallel processing that can 
carry out more kinds of large-quantity operations, including Newton-Raphon method and 
extraction-of-the-square-root operation, under simple control. 

[0184] 

For the parallel processing processor described in Claim 9, each processing unit has the 
same number of inputs and outputs and has at least two inputs and two outputs. The degree of 
freedom of the operation is increases as the number of inputs/outputs is increased. Also, since the 
processing units have the same configuration, the complexity in layout and control of the 
processor can be reduced. 
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[0185] 

As a result, it is possible to provide a parallel processing processor with simple 
configuration, which can realize more kinds of operations under simple control. 

[0186] 

Each processing unit in the parallel processing processor described in Claim 10 carries 
out a prescribed processing using plural operation means to the data read from the data memory 
means or the data sent from another processing unit so that the output of any operation means an 
be output to another processing unit and any data storage means. Consequently, various 
operations can be carried out by plural processing units with the same configuration using 
interchangeable control instructions. . 

[0187] 

As a result, it is possible to provide a parallel processing processor, which can realize 
more kinds of operations under simple control. 

[0188] 

In the parallel processing processor described in Claim 1 1, the read data bus from the 
data storage means to the processing unit is shorter than that in the case when all of the 
processing units are connected without being grouped. Therefore, data can be transferred at a 
high speed to the processing unit. Also, an operation using common data can be carried out using 
the processing units in one group. In addition, since data can be written from each processing 
unit to any data storage means, it is also possible to exchange data between the groups. Various 
operations can be carried out using plural processing units. Also, each processing unit has the 
same configuration and can be controlled using interchangeable control instructions. 

[0189] 

As a result, it is possible to provide a parallel processing processor, which can carry out 
more kinds of operations at high speed under simple control. 

[0190] 

In the operation method for parallel processing processor described in Claim 12, the 
high-order n bits or low-order n bits of the computation result can be provided to the multiplier 
or adders as low-order n bits or high-order n bits of data used for new operation. Various 
operations can be performed. Also, since it is possible to select whether to input/output carry 
between two adders, it is possible to switch between two addition processing with n-bit precision 
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and one addition processing with 2n-bit precision. Consequently, processing can be carried out 
with a very high degree of freedom. Also, each processing unit has the same configuration and 
can be controlled using interchangeable control instructions. 

[0191] 

As a result, it is possible to provide an operation method for parallel processing 
processor, which can carry out more kinds of operations under simple control. 

[0192] 

In the operation method for parallel processing processor described in Claim 13, the 
connection between the data buses and multiplier or adders can be set such that the high-order n 
bits or low-order n bits in the output of the multiplier in a certain processing unit can be input to 
either the low-order n bits or high-order n bits of the multiplier or adder in another processing 
unit. Various operations can be carried out without using a shift means. Also, the operation can 
be carried out at higher speed, and the control is more simple than the case using a shift means. 

[0193] 

As a result, it is possible to provide an operation method for parallel processing 
processor, which can carry out more kinds of operations at high speed under simple control. 

[0194] 

In the operation method for parallel processing processor described in Claim 14, the 
connection between the data buses and multiplier or adders can be set such that the high-order n 
bits in the output of the multiplier or adder in a certain processing unit can be input to either the 
low-order n bits or high-order n bits of the multiplier or adder in another processing unit. Data 
can be well shifted without using a shift means, and there is no need to spend time shifting. Also, 
the operation can be carried out at higher speed, and the control is more simple than the case 
using a shift means. 

[0195] 

As a result, it is possible to provide an operation method for parallel processing 
processor, which can carry out more kinds of operations at high speed under simple control. 

[0196] 

For the parallel processing processor described in Claim 15, a complicated operation can 
be controlled for each processing unit, and the overall control of the parallel processing 
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processor becomes easy. Also, in each processing unit, various kinds of operation processing are 
performed by using the control means. When plural processing units are combined, the entire 
processor can carry out more operations than the conventional processor. 

[0197] ' 

As a result, it is possible to provide a parallel processing processor that can realize more 
kinds of operations under simple control. 

[0198] 

For the parallel processing processor described in Claim 16, when a certain instruction is 
executed repeatedly while changing the data output from the data storage means, if the 
instruction used for controlling the data storage means is issued repeatedly while changing its 
content, there is no need to issue several different control instructions used for the operation 
means. Consequently, the control is simplified when performing the same operation with respect 
to a large amount of data. Also, various operations can be carried out in each processing unit by 
combining the control instructions. More complicated operation can be performed by combining 
plural processing units. 

[0199] 

As a result, it is possible to provide a parallel processing processor that can realize more 
kinds of operations under simple control. 

[0200] 

For the parallel processing processor described in Claim 17, a prescribed operation is 
carried out by reading two data from two read addresses of the data storage means. The result 
can be written at the position specified by one write address. Complicated operation can be 
carried out while data are transferred between plural processing units via data storage means. 
Each processing unit has the same configuration, and the layout is simple. Also, the processing 
units can be controlled under interchangeable instructions, and the control over the processor can 
be simplified. 

[0201] 

As a result, it is possible to provide a parallel processing processor that can realize more 
kinds of operations under simple control. 
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[0202] 

For the parallel processing processor described in Claim 18, when a certain instruction is 
executed repeatedly while changing the data output from the data storage means, if the 
instruction used for controlling the data storage means is issued repeatedly while changing its 
content, there is no need to issue several different control instructions used for the operation 
means. Consequently, the control is simplified when performing the same operation with respect 
to a large amount of data. Also, various operations can be carried out in each processing unit by 
combining the control instructions. More complicated operation can be performed by combining 
plural processing units. 

[0203] 

As a result, it is possible to provide a parallel processing processor that can realize more 
kinds of operations under simple control. 

[0204] 

For the parallel processing processor described in Claim 19, if the two instructions read 
from the instruction memory are of the same system, they are executed at the same time. If they 
are of different systems, the processing is carried out in the normal way. The instruction 
execution speed can be increased compared with the case in which the control instruction is read 
out one at a time. 

[0205] 

As a result, it is possible to provide a parallel processing processor that can realize more 
kinds of operations at high speed under simple control. 

Brief description of the figures 

Figure 1 is a schematic block diagram illustrating the configuration of the processor 
disclosed in the first application example of the present invention. 

Figure 2 is the block diagram of the processor disclosed in the first application example. 

Figure 3 is the block diagram of the processing unit in the first application example. 

Figure 4 is a block diagram illustrating connection between the data memory and the 
memory read data bus group in the first application example. 

Figure 5 is a schematic diagram illustrating the structure of a control instruction. ' 

Figure 6 is a schematic diagram illustrating the storage state of instructions in the 
instruction memory. 
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Figure 7 is a schematic block diagram illustrating the first connection example for the 
processor in the first application example of the present invention. 

Figure 8 is a schematic block diagram illustrating the second connection example for the 
processor in the first application example of the present invention. 

Figure 9 is a schematic block diagram illustrating the third connection example for the 
processor in the first application example of the present invention. 

Figure 10 is a schematic block diagram illustrating the fourth connection example for the 
processor in the first application example of the present invention. 

Figure 1 1 is a schematic block diagram illustrating the fifth connection example for the 
processor in the first application example of the present invention. 

Figure 12 is the block diagram of the processor in the second application example of the 
present invention. 

Figure 13 is a block diagram illustrating the main parts of the processor in the third 
application example of the present invention. 

Figure 14 is the schematic block diagram of the instruction memory in the third 
application example of the present invention. 

Figure 15 is a schematic block diagram illustrating the configuration of the processor in 
the fourth application example of the present invention. 

Figure 16 is a schematic block diagram illustrating the conventional parallel processing 
processor. 

Figure 17 is a block diagram illustrating the configuration of each processing unit in the 
conventional processor shown in Figure 1 6. 

Figure 18 is a schematic block diagram illustrating a connection example of the 
processing units on the processing processor shown in Figures 16 and 17. 

Figure 19 is a schematic block diagram illustrating a connection example between the 
processing units in the conventional processor. 

Explanation of symbols 

200, 202, 204, 206 Processing units 

210,212,214,216 Monodirectional input data bus 

220, 22, 224, 226 Monodirectional input data bus 



250, 252, 254, 256 
260, 262, 264, 266 
280 



282 



270, 272, 274, 276 



Control circuit 
Instruction memory 
Memory read data bus group 
Memory write data bus group 
Data memory 
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350,352,354,356 Selector 
360,362,364,366,368,370 Selector 
380 Multiplier 
383, 384 Adder 
390 Selector 
392 Crossbar switch 




Figure 2 
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Key: 48 Address computing unit 

38 Working memory 

40,42,44,46 Data cache 

56 Selector 

58 Register file 
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